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ABSTRACT 

A t  t h e  t i m e  the  b a s i c  s t u d y  was conduc ted ,  o n l y  Pad A 
and unmanned/non-LM countdown and sc rub- tu rna round  data were 
a v a i l a b l e .  S i n c e  t h e n ,  Pad B and f u l l - u p  S a t u r n  V s p a c e  
v e h i c l e  data have been  o b t a i n e d .  The i n t e n t  o f  t h i s  memorandum 
i s  t o  supplement  t h e  r e f e r e n c e d  s t u d y  such  t h a t  t o g e t h e r  t h e y  
w i l l  p r o v i d e  a n  up- to-da te  d e s c r i p t i o n  and a n a l y s i s  o f  MSS 
o p e r a t i o n s  and c o n s t r a i n t s  a t  b o t h ,  Pad A and Pad B.  

T h i s  s t u d y  conc ludes  t h a t :  

a .  

b .  
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m b .  

D e s p i t e  g a i n s  s i n c e  t h e  o r i g i n a l  s t u d y ,  t h e  
most s i g n i f i c a n t  c o n s t r a i n t s  a s s o c i a t e d  w i t h  
MSS s u p p o r t  o f  LC-39 c o n t i n u e  t o  be  t h e  l o s s  
o f  SC a c c e s s  d u r i n g  t h e  countdown and t h e  
d e l a y  i n  g a i n i n g  SC a c c e s s  f o l l o w i n g  a s c r u b  
d e c i s i o n .  

The o p e r a t i o n s  a s s o c i a t e d  w i t h  t h e  c o n s t r a i n t s  
o f  ( a )  above can  be improved f u r t h e r  o n l y  by 
e l i m i n a t i o n  of t h e  e a r l y  open-loop S C  A / G  
v o i c e  checks  i n  t h e  countdown and d e l e t i o n  o f  
plywood i n s t a l l a t i o n  d u r i n g  s c r u b  t u r n a r o u n d .  

MSS t r a n s f e r s  between Pad B and t h e  p a r k s i t e  
r e q u i r e  one hour  l o n g e r  t h a n  c o r r e s p o n d i n g  Pad A 
t r a n s f e r s .  T h i s  i s  n o t  c u r r e n t l y  a c o n s t r a i n t  on 
l a u n c h  countdown o r  s c r u b - t u r n a r o u n d  o p e r a t i o n s .  

It i s  recommended t h a t :  

KSC assess t h e  f e a s i b i l i t y  o f  r e t a i n i n g  t h e  ,MSS 
a t  t h e  l a u n c h  pad u n t i l  T-9 h o u r s  15 minu te  

KSC assess t h e  f e a s i b i l i t y  o f  e l i m i n a t i n g  t 
plywood i n s t a l l a t i o n  f o r  s c r u b  t u r n a r o u n d s .  ’ 
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OD â  - 
8 

m 

c 
I 

4 

DI STR I BUT I ON 

COMPLETE MTMORANDUM TO (CONTD.) 

MSFC 

L. B. Bell, Jr./I-V-E 

NR - 
E. Flowers/ZK49 
T. Lindsday/ZK54 
R. WagonerjZK49 
M. F. Williams/ZK49 

Bendix 

B. Dunmyer/BEN-4440 
V. Hendershott/BEN-14 
E. F. Walsh/BEN-4440 

BATC 

D. B. Weinburg/MSO 2023 

GAEC 

w. COX/GAEC/MSO 2023 
E. W. Smith, Jr./GAEC 300-22 

Bellcomm, Inc. 

C. Bidgood 
A. P. Boysen, Jr. 
D. A. Chisholm 
D. R. Hagner 
J. J. Hibbert 
N. W. Hinners 
B. T. Howard 
D. B. James 
J. Z. Menard 
I. M. Ross 
R. V. Sperry 
J. W. Timko 
G. B. Troussoff 
R. L. Wagner 
Department 1024 File 
Department 2 032 



BELLCOMM, INC. 
955 CENFANT PlAU NORTH, S.W. WASHINGTON, D. C. 20024 

SUBJECT: Addendum t o  TM 68-2032-1 DATE: March 2 0 ,  1969 
( A n a l y s i s  o f  O p e r a t i o n s  and 
C o n s t r a i n t s  A s s o c i a t e d  w i t h  t h e  FROM: G .  J .  McPherson Jr. 

a t  Launch Complex 39 
Case 320 

Mobile S e r v i c e  S t r u c t u r e  (MSS) TM-69-2032-1 

TECHNICAL MEMORANDUM 

1 . 0  I N T R O D U C T I O N  

R e f e r e n c e  1 d e s c r i b e d  and a n a l y z e d  t h e  o p e r a t i o n s  
and c o n s t r a i n t s  a s s o c i a t e d  w i t h  t h e  MSS a t  LC-39. It  was 
based e n t i r e l y  upon Pad A d a t a  which p r i m a r i l y  c o n s i d e r e d  
unmanned/non-LM countdown and s c r u b - t u r n a r o u n d  o p e r a t i o n s .  
Data f o r  Pad B and ful l -up/manned S a t u r n  V o p e r a t i o n s  has 
s i n c e  become a v a i l a b l e .  

The i n t e n t  o f  t h i s  s t u d y  i s  t o  supplement  
R e f e r e n c e  1 such  t h a t  t o g e t h e r  t h e y  w i l l  p r o v i d e  an  up-to- 
d a t e  d e s c r i p t i o n  and a n a l y s i s  of MSS o p e r a t i o n s  and c o n s t r a i n t s .  
Rev i sed  h a n d l i n g  t e c h n i q u e s  a r e  a l s o  p r e s e n t e d  which c o u l d  
l e s s e n  f u r t h e r  t h e  MSS c o n s t r a i n t s  imposed upon LC-39. 

S i n c e  much o f  t h e  d e s c r i p t i v e  da ta  c o n t a i n e d  i n  
R e f e r e n c e  1 ( p a r t i c u l a r l y  Appendix I )  i s  c u r r e n t l y  a c c u r a t e ,  
o n l y  s i g n i f i c a n t  changes w i l l  b e  d i s c u s s e d  h e r e i n .  

The Pad B data  has been  a c q u i r e d  from a c t u a l  t r a n s f e r  
o p e r a t i o n s  per formed between t h e  MSS p a r k s i t e  and Pad B .  
The ful l -up/manned countdown and sc rub- tu rna round  da ta  has 
been  o b t a i n e d  t h r o u g h  p l a n n i n g  a c t i v i t i e s  and o p e r a t i o n a l  
e x p e r i e n c e  a s s o c i a t e d  w i t h  t he  p r e p a r a t i o n  and l a u n c h  o f  
A p o l l o  5 ,  6 ,  7 ,  8, and 9 .  

The d i s c u s s i o n s  and f i g u p e s  c o n t a i n e d  i n  t h i s  
memorandum p r o v i d e  t h e  f o l l o w i n g  i n f o r m a t i o n :  

1. a r e v i e w  o f  t h e  s i g n i f i c a n t  c o n c l u s i o n s  and 
recommendat ions o f  Re fe rence  1 --- ( S e c t i o n  2 )  

2 .  p e r t i n e n t  hardware and o p e r a t i o n a l  changes  
implemented s i n c e  t h e  o r i g i n a l  s t u d y  --- 
( S e c t i o n s  3 and 4) 
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3.  c u r r e n t  d a t a  a s s o c i a t e d  w i t h  t h e  movement 
o f  t h e  MSS between t h e  p a r k s i t e  and e i t h e r  
pad d u r i n g  launch  countdown and s c r u b -  
t u r n a r o u n d  a c t i v i t i e s  --- ( S e c t i o n  5 )  

an  e x p l a n a t i o n  and a n a l y s i s  o f  t h e  c u r r e n t  
MSS move data  --- ( S e c t i o n  5 )  

( S e c t i o n s  6 and 7 )  

4.  

5.  c o n c l u s i o n s  and recommendat ions --- 

6 .  acknowledgments and r e f e r e n c e s .  

2 . 0  HEVIEW OF SIGNIFICANT CONCLUSIONS AND RECOMMENDATIONS 

R e f e r e n c e  1 a r r i v e d  a t  t h e  f o l l o w i n g  c o n c l u s i o n s :  

1. 

2. 

3. 

1. 

2. 

3.  

4 .  

1. 

The most s i g n i f i c a n t  c o n s t r a i n t  imposed 
upon LC-39 by t h e  MSS i s  d e l a y i n g  a c c e s s  t o  
t h e  SC f o l l o w i n g  a s c r u b  d e c i s i o n .  

M o d i f i c a t i o n s  t o  MSS-rzlated hardware and 
o p e r a t i o n a l  p r o c e d u r e s  would a l l o w  r e d u c t i o n  
i n  SC f l u i d  s e r v i c i n g  t i m e l i n e s .  

The r equ i r emen t  t o  accompl i sh  p r o p e l l a n t  
"ho t  f l ows"  as a par t  o f  MSS r e v a l i d a t i o n  
e x e r c i s e s  j e o p a r d i z e s  t h e  c a p a b i l i t y  o f  KSC 
t o  meet t h e  l aunch  r a t e s  s p e c i f i e d  i n  APD-4H. 

Based on t h e  above c o n c l u s i o n s ,  Re fe rence  1 recommended: 

That t h e  MSS be r e t u r n e d  t o  i t s  pad p o s i t i o n  
p r i o r  t o  commencing LV S&A d e v i c e  o rdnance  
o p e r a t i o n s  d u r i n g  s c r u b  t u r n a r o u n d s  

That K S C  assess t h e  b e n e f i t s  and t r a d e o f f s  
i n v o l v e d  w i t h  an even  e a r l i e r  MSS r e t u r n  

That  KSC c o n t i n u e  a s ses smen t  o f  m o d i f i c a t i o n s  
which would r e d u c e  SC f l u i d  s e r v i c i n g  t i m e l i n e s  

That  KSC c o n t i n u e  a s ses smen t  o f  MSS r e v a l i d a t i o n  
r e q u i r e m e n t s  f o r  p o s s i b l e  d e l e t i o n  o f  t h e  
p r o p e l l a n t  "hot  f l o w s .  '' 
The f o l l o w i n g  changes have s i n c e  been implemented:  

The MSS i s  now r e t u r n e d  t o  i t s  pad p o s i t i o n  
much s o o n e r  f o l l o w i n g  a s c r u b  d e c i s i o n .  
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2 .  M o d i f i c a t i o n s ,  b o t h  t o  p r o c e d u r e s  and hardware, 
have been  made which a l lowed  r e d u c t i o n  t o  SC 
f l u i d  s e r v i c i n g  t i m e l i n e s .  

3. P r o p e l l a n t  "hot  f l ows"  have been e l i m i n a t e d  
from t h e  MSS r e v a l i d a t i o n  r e q u i r e m e n t s .  

The above changes as w e l l  as o t h e r  p e r t i n e n t  hard-  
ware and p r o c e d u r a l  changes w i l l  be d i s c u s s e d  i n  more d e t a i l  
i n  t h e  subsequen t  s e c t i o n s .  

3 . 0  HARDWARE CHANGES 

3 . 1  SM CRYOGENIC SERVICING ( L H ~ )  
~~ 

P r i o r  t o  Apol lo  8 ,  LH2 s e r v i c i n g  o f  t h e  SM was 
accompl i shed  b y  u s e  o f  a p a d - l o c a t e d  mobi le  s t o r a g e  u n i t  
(S14-066) and a s s o c i a t e d  F l u i d  D i s t r i b u t i o n  System (FDS) 
components on v a r i o u s  l e v e l s  o f  t h e  MSS. The new method 
( d e m o n s t r a t e d  on Apol lo  8 )  i n v o l v e s  u s e  o f  a p o r t a b l e  
dewar u n i t  ( a  mod i f i ed  SHe dewar ) ,  on MSS l e v e l  4 A ,  which 
i n t e r f a c e s  w i t h  t h e  e x i s t i n g  FDS plumbing.  Although t h e  
mob i l e  s t o r a g e  u n i t  and t h e  need  t o  pump LH2 from pad 

l e v e l  were e l i m i n a t e d  b y  t h i s  t e c h n i q u e ,  much o f  t h e  e x i s t i n g  
FDS i s  s t i l l  u t i l i z e d  f o r  p u r g e ,  ven t  and d r a i n  o p e r a t i o n s .  

The dewar method does  n o t  p r e s e n t l y  o f f e r  any 
b e n e f i t s  t i m e w i s e ,  b u t  should  a l l o w  more r e l i a b l e  c a p a c i t y  
l o a d s .  A second dewar u n i t ,  f u l l y  l o a d e d ,  w i l l  be a v a i l a b l e  
f o r  backup s h o u l d  t h e  pr imary  f a i l .  

3 . 2  SM C R Y O G E N I C  SERVICING (LO2)  

Although i t  was e x t r e m e l y  d e s i r a b l e  t o  implement 
a l i k e  c a p a b i l i t y  f o r  dewar s e r v i c i n g  o f  SM LO2,  a mod i f i ed  
SHe dewar u n i t  l o a d e d  w i t h  s u f f i c i e n t  LO2 t o  p r o v i d e  m i s s i o n  
lQad t o  t h e  SM would have exceeded  t h e  a l l o w a b l e  weight  
l i m i t s  o f  b o t h  t h e  MSS e l e v a t o r s  and l e v e l  4 A .  A sa t i s -  
f a c t o r y  dewar u n i t  (we igh t -wi se )  has been p r o c u r e d  and was 
u t i l i z e d  f o r  t h e  f i r s t  time d u r i n g  Apol lo  9 CDDT.  

The dewar method was found t o  b e  s a t i s f a c t o r y  
d u r i n g  CDDT and was s u b s e q u e n t l y  implemented f o r  t h e  Apol lo  9 
l a u n c h  countdown. 
as a r e a d y  backup s h o u l d  t h e  p r imary  u n i t  f a i l .  

A second LO2 dewar u n i t  has been  p r o v i d e d  
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It i s  a n t i c i p a t e d  t ha t  t h e  LO2 dewars  w i l l  become 
t h e  a c c e p t e d  method f o r  LO2 s e r v i c i n g  o f  a l l  f u t u r e  CSM’s. 
D e l e t i o n  o f  c e r t a i n  GSE (LO2 mobi l e  s t o r a g e  u n i t ,  e t c . , )  w i l l  

p r o b a b l y  become e f f e c t i v e  p r i o r  t o  s e r v i c i n g  Apol lo  1 0 .  

4 . 0  OPERATIONAL C H A N G E S  

4 . 1  Launch Countdown 

4 . 1 . 1  Connec t ion  o f  S&A Devices  

8ef’erence 1 concluded  t h a t  an  e a r l i e r  r e t u r n  of  
t h e  MSS t o  t h e  pad d u r i n g  sc rub- tu rna round  o p e r a t i o n s  would 
r e s u l t  i n  s h o r t e r  s c r u b  t u r n a r o u n d s  b y  p r o v i d i n g  a c c e s s  t o  
t h e  SC s e r v i c i n g  l o c a t i o n s  s i g n i f i c a n t l y  s o o n e r  t h a n  p r e -  
v i o u s l y  p o s s i b l e .  Although R e f e r e n c e  1 a l s o  i n c l u d e d  a 
s u g g e s t e d  t e c h n i q u e  f o r  a c c o m p l i s h i n g  t h e  e a r l i e r  r e t u r n ,  
b e n e f i t s  were l e s s  t h a n  optimum because  o f  a r e q u i r e m e n t  t o  
c l e a r  p e r s o n n e l  from t h e  MSS d u r i n g  S & A  d e v i c e  ordnance  
o p e r a t i o n s .  T h i s  same c l e a r a n c e  r e q u i r e m e n t  was a l s o  i d e n t i -  
f i e d  as t h e  pr ime c o n s t r a i n t  f o r  d e t e r m i n i n g  how l a t e  t h e  MSS 
cou ld  be r e t a i n e d  a t  t h e  l aunch  pad d u r i n g  t h e  l a u n c h  countdown. 

R e a l i z i n g  t h a t  t h e  above c l e a r a n c e  c r i t e r i o n  con- 
s t r a i n e d  key a c t i v i t i e s  d u r i n g  b o t h  l a u n c h  countdown and 
s c r u b - t u r n a r o u n d  o p e r a t i o n s ,  K S C  i n i t i a t e d  e f f o r t s  t o  
re-examine t h e  h a z a r d  l e v e l s  i n v o l v e d  w i t h  S&A ordnance  
o p e r a t i o n s  and t o  r e v i s e  t h e  c l e a r a n c e  c r i t e r i o n  a c c o r d i n g l y .  
An independen t  s t u d y  (Refe rence  2 )  had a l s o  been  i n i t i a t e d  
n o t  o n l y  t o  assess t h e  haza rd  l e v e l s  a s s o c i a t e d  w i t h  S & A  
d e v i c e  o rdnance  o p e r a t i o n s ,  b u t  a l s o  to examine t h o s e  
r e l a t e d  t o  t h e  f i n a l  D R S C S  r e c e i v e r  c h e c k s  d u r i n g  t h e  l a u n c h  
countdown. 

The o r i g i n a l  c l e a r a n c e  c r i t e r i o n  r e q u i r e d  t h a t  t h e  
MSS ( i f  p e r s o n n e l  were a b o a r d )  be no c l o s e r  t h a n  t h e  35-foot 
p o i n t  d u r i n g  a l l  S & A  d e v i c e  o rdnance  o p e r a t i o n s ;  c o n n e c t i o n  
d u r i n g  t h e  l a u n c h  countdown and d i s c o n n e c t i o n / e x c h a n g e  d u r i n g  
s c r u b  t u r n a r o u n d s .  

Both t h e  KSC S a f e t y  a s ses smen t  and Refe rence  2 
conc luded  t h a t  a l t h o u g h  t h e  o rdnance  i n v o l v e d  d o e s  p r e s e n t  
a p o t e n t i a l  h a z a r d  t o  nearby  p e r s o n n e l ,  t h e  c o n n e c t i o n /  
d i s c o n n e c t i o n  o p e r a t i o n s  d i d  n o t  i n c r e a s e  t h e  h a z a r d  l e v e l  
n o r  t h e  p r o b a b i l i t y  of i t s  d e t o n a t i o n  i n  a mode which would 
endanger  n e a r b y  p e r s o n n e l .  
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The c l e a r a n c e  c r i t e r i o n  was r e v i s e d  f o r  b o t h  t h e  
c o n n e c t i o n  (countdown) and d i sconnec t ion /exchange  ( s c r u b  
t u r n a r o u n d )  o p e r a t i o n s  t o  r e q u i r e  c l e a r a n c e  o f  p e r s o n n e l  
f rom w i t h i n  a l l  SV i n t e r i o r  l o c a t i o n s  below t h e  SM l e v e l .  
The r e v i s e d  c r i t e r i o n  r e s u l t e d  i n  t h e  c a p a b i l i t y  t o  r e t a i n  
t h e  MSS a t  t h e  l a u n c h  pad l a t e r  i n  t h e  countdown, hence ,  
a l l o w i n g  l a t e r  s e r v i c i n g  of  t h e  SC. 

The c u r r e n t  c o n s t r a i n t  f o r  d e t e r m i n i n g  how l a t e  
t h e  MSS can  b e  r e t a i n e d  a t  t h e  pad d u r i n g  t h e  l a u n c h  
countdown w i l l  be d i s c u s s e d  i n  S e c t i o n  5 and Appendix I .  

4 . 1 . 2  P e r s o n n e l  Access  on LUT and i n  SV Dur ing  MSS 
Movement 

KSC S a f e t y  c r i t e r i o n  p r e v i o u s l y  r e q u i r e d  t h a t  
p e r s o n n e l  c l e a r  t h e  LUT S/A's and t h e  SV i n t e r i o r  d u r i n g  MSS 
j a c k i n g ;  a l s o ,  d u r i n g  MSS t r a n s f e r  o p e r a t i o n s  whenever t h e  
MSS i s  w i t h i n  35 f e e t  o f  t h e  SV.  

The c l e a r a n c e  r e q u i r e m e n t  has s i n c e  been reassessed 
and r e v i s e d  t o  a l l o w  p e r s o n n e l  t o  c o n t i n u e  working i n  b o t h  
l o c a t i o n s  d u r i n g  t h e  r e s p e c t i v e  MSS o p e r a t i o n s  i n  b o t h  t h e  
l a u n c h  countdown and s c r u b  t u r n a r o u n d .  

4 . 2  Sc rub  Turnaround 

4 . 2 . 1  I n s t a l l a t i o n  and Soaping  o f  Plywood 

A s i g n i f i c a n t  c o n s t r a i n t  n o t  i d e n t i f i e d  i n  Refe rence  1 
c o n c e r n s  t h e  r equ i r emen t  t o  i n s t a l l  some 300 s h e e t s  o f  plywood 
on t h e  pad s u r f a c e  where c r i t i c a l  C/T ( c r a w l e r / t r a n s p o r t e r )  
maneuver ing  i s  n e c e s s a r y  t o  a c c u r a t e l y  p o s i t i o n  ithe MSS 
p r i o r  t o  jackdown.  The plywood s h e e t s  a r e  f i r s t  s e c u r e d  i n  
p o s i t i o n  by wedges and t h e n  t h o r o u g h l y  we t t ed  w i t h  a t h i c k  
soap  s o l u t i o n .  T h i s  p r o v i d e s  a n  a p p r e c i a b l e  r e d u c t i o n  i n  
s u r f a c e  f r i c t i o n  a n d ,  hence ,  t h e  r e q u i r e d  C/T m a n e u v e r a b i l i t y .  

S i n c e  t h e  MSS can  e s s e n t i a l l y  be r e a d y  t o  roll 
t h r o u g h  t h e  pad g a t e  ( r e q u i r e d  d i s t a n c e  p r i o r  t o  comple t ion  
of t h e  s a fe ty  i n s p e c t i o n )  b y  t h e  t i m e  t h e  s a f e t y  i n s p e c t i o n  
i s  comple t e ,  and r e q u i r e s  l ess  t h a n  45 minu tes  t o  r e a c h  i t s  
pad p o s i t i o n ,  t h e  two-hour plywood i n s t a l l a t i o n  f u n c t i o n  
w i l l  a lways  be  t h e  c o n s t r a i n i n g  a c t i v i t y .  The e f f e c t  o f  
t h i s  w i l l  be d i s c u s s e d  i n  S e c t i o n  5 and Appendix I .  

4 . 2 . 2  LUT and SV Access Dur ing  MSS Movement 

(See S e c t i o n  4 . 1 . 2 )  
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4 . 2 . 3  D i s c o n n e c t i o n  o f  S&A Devices  

(See  S e c t i o n  4 . 1 . 1 )  

The c u r r e n t  c o n s t r a i n t s  f o r  d e t e r m i n i n g  how soon 
t h e  MSS can  b e  r e t u r n e d  t o  t h e  l a u n c h  pad  d u r i n g  s c r u b - t u r n -  
a round o p e r a t i o n s  w i l l  b e  d i s c u s s e d  i n  S e c t i o n  5 and Appendix I .  

5 . 0  CURRENT MSS CONSYRAINTS AND DATA 

5.1 C o n s t r a i n t  of MSS Movement 

5 . 1 . 1  Launch Countdown 

A t  t h e  t ime  Refe rence  1 was w r i t t e n ,  MSS d e p a r t u r e  
d u r i n g  t h e  l a u n c h  countdown was chosen  t o  a l l o w  j u s t  enough 
t i m e  f o r  t h e  MSS t o  b e  beyond t h e  3 5 - f O O t  p o i n t  f o r  S & A  
d e v i c e  c o n n e c t i o n .  With t h e  e l i m i n a t i o n  o f  t h i s  c o n s t r a i n t ,  
MSS d e p a r t u r e  t i m e  i s  now keyed t o  t h e  n e x t  most c o n s t r a i n i n g  
e v e n t ;  SC a i r - to -g round  open-loop v o i c e  c h e c k s .  

The SC A / G  v o i c e  checks  r e q u i r e  p e r s o n n e l  p a r t i c i -  
p a t i o n  i n  t h e  CM and p r e s e n t l y  r e q u i r e  t h e  MSS t o  be o u t  o f  
t h e  RF l i n e - o f - s i g h t  d u r i n g  t h e  checks .  S i n c e  f i n a l  pad  
c l e a r i n g  must commence b y  T-9 hours  t o  p r o v i d e  a d e q u a t e  
t i m e  for LV c r y o g e n i c  s e r v i c i n g ,  t h e  SC A/G v o i c e  checks  
must s t a r t  no l a t e r  t h a n  T-9 h o u r s  30 m i n u t e s .  To a s s u r e  
t h a t  t h e  MSS i s  ou t  o f  t h e  RF l i n e - o f - s i g h t  b y  t h i s  t i m e  
and a l s o  t h a t  t h e  MSS i s  o u t s i d e  t h e  p e r i m e t e r  f e n c e  by 
T-9 h o u r s ,  t h e  MSS must s t a r t  moving toward t h e  p a r k s i t e  
by T-10 hour s  15  m i n u t e s .  

R e t a i n i n g  t h e  MSS a t  t h e  l aunch  pad  as l a t e  as 
T-10 hour s  15 minu tes  has a l lowed  a c c e s s  t o  SC s e r v i c i n g  
l o c a t i o n s  some 2 1 / 2  hour s  l a t e r  i n  t h e  l a u n c h  countdown 
t h a n  was p r e v i o u s l y  p o s s i b l e .  

A d d i t i o n a l  d i s c u s s i o n  c o n c e r n i n g  t h e  a d v a n t a g e s  and 
t r a d e o f f s  i n v o l v e d  w i t h  r e t a i n i n g  t h e  MSS a t  t h e  l a u n c h  pad  
even  l a t e r  i n  the  countdown w i l l  b e  found i n  Appendix I ,  
S e c t i o n  A . I .13  

5 . 1 . 2  Scrub Turnaround 

Refe rence  1 r e v e a l e d  t h a t  r e t u r n  of t h e  MSS t o  
t h e  l a u n c h  p a d  subsequen t  t o  a s c r u b  d e c i s i o n  w a s  c o n s t r a i n e d  
b y  S&A d e v i c e  d i s c o n n e c t i o n  which r e q u i r e d  t h e  MSS t o  remain  
beyond t h e  35-foot  p o i n t  u n t i l  comple ted .  With t h e  e l i m i -  
n a t i o n  of  t h i s  c o n s t r a i n t ,  MSS r e t u r n  would have been  keyed 
t o  t h e  comple t ion  of t h e  s a f e t y  i n s p e c t i o n  were i t  n o t  f o r  
t h e  r e c e n t  i d e n t i f i c 5 t i o n  o f  t h e  plywood c o n s t r a i n t .  
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S i n c e  t h e  plywood i n s t a l l a t i o n  crew as w e l l  a s  t h e  
MSS must wait o u t s i d e  t h e  pad g a t e  u n t i l  t h e  s a f e t y  i n s p e c -  
t i o n  i s  comple ted ,  b o t h  a c t i v i t i e s  w i l l  g e n e r a l l y  s t a r t  a t  
a b o u t  t h e  same t ime .  I n s t a l l i n g  and s o a p i n g  t h e  plywood 
r e q u i r e s  two h o u r s ;  r e t u r n  o f  t h e  MSS f rom t h e  1350-foot  
p o i n t  r e q u i r e s  l ess  t h a n  45 m i n u t e s .  

D e s p i t e  i d e n t i f i c a t i o n  of  t h e  plywood c o n s t r a i n t ,  
e l i m i n a t i o n  o f  t h e  S & A  ordnance c o n s t r a i n t  has a l lowed  
e a r l i e r  r e t u r n  o f  t h e  MSS and a c c e s s  t o  SC s e r v i c i n g  
l o c a t i o n s  some 2 t o  3 h o u r s  s o o n e r  t h a n  p r e v i o u s l y  p o s s i b l e .  

A d d i t i o n a l  d i s c u s s i o n  c o n c e r n i n g  t h e  p o s s i b i l i t y  o f  
d e l e t i n g  t h e  u s e  of' plywood d u r i n g  s c r u b  t u r n a r o u n d s  w i l l  b e  
found i n  Appendix I ,  S e c t i o n  A . I . 1 4 .  

5 . 2  C u r r e n t  MSS Data  

S i m i l a r  t o  Refe rence  1, t h e  c u r r e n t  MSS d a t a  i s  
b e s t  p r e s e n t e d  i n  t h e  form o f  f i g u r e s .  Some 1 4  f i g u r e s  have 
been  p r e p a r e d  which r e p l a c e  or supplement  t h o s e  o f  t h e  
o r i g i n a l  s t u d y .  

The e x a m i n a t i o n ,  e x p l a n a t i o n ,  and a n a l y s i s  of  t h e  
f i g u r e s  i s  c o n t a i n e d  i n  Appendix I .  I n c l u d e d  a r e  p o t e n t i a l  
t e c h n i q u e s  f o r  f u r t h e r  r e d u c i n g  MSS c o n s t r a i n t s  l e v i e d  on 
LC-39 o p e r a t i o n s .  

5 . 3  Recent LV Cryogenic  Timel ine  R e v i s i o n s  

5 . 3 . 1  Loading  Sequence 

Subsequent  t o  t h e  l a u n c h  o f  Apol lo  8 ,  a r e v i s i o n  
t o  t h e  LV c r y o g e n i c  s e r v i c i n g  t i m e l i n e  was p roposed  b y  K S C  
LVO. The r e v i s i o n  i n v o l v e d  s t a r t i n g  t h e  LO2 f a c i l i t y  c h i l l -  
down f u n c t i o n  15 m i n u t e s  e a r l i e r .  T h i s  would e n s u r e  t h a t  LV 
c ryogen ic  s e r v i c i n g  would complete  i n  t i m e  f o r  t h e  SC 
c l o s e o u t  crew t o  d e p a r t  t h e  MSS p a r k s i t e  a t  T-3 h o u r s  
25  m i n u t e s .  

The p r o p o s a l  was a c c e p t e d  and has s i n c e  been 
implemented on Apo l lo  9 .  Although t h e  r e v i s e d  l o a d i n g  t i m e -  
l i n e  changes s l i g h t l y  t h e  d a t a  and f i g u r e s  p r e s e n t e d  h e r e i n ,  
i t  was c o n s i d e r e d  r e l e v a n t  t o  upda te  F i g u r e s  2 and 1 3 ,  o n l y .  

The r e v i s e d  t i m e s  for LV c r y o g e n i c  s e r v i c i n g  
m i l e s t o n e s  are  p r e s e n t e d  h e r e ,  however,  for r e f e r e n c e  
p u r p o s e s  a l o n g  w i t h  t h o s e  used f o r  t h i s  s t u d y .  
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TIMES USED F O R  THIS STUDY LV C R Y O  CONFIGURATION REVISED TIMES 

Between T-8H OM and S t a r t  ch i l l down  Between T-8H l5M 
T-6H 27M S-IVB 1 0 0 %  LO2 Load and T-611 32M 

S - I 1  1 0 0 %  LO2 Load 
S t a r t  S-IC LO2 Load 

T-4H 57M 

T-4H 1 1 M  

T-3H 2 8 ~  

S-IC 100% LO2 Load T-5H 7 M  

S - I1  1 0 0 %  LH2 Load 

S-IVB 100% LH2 Load 

T-4H 21M 

T-3H 3 8 ~  

5 . 3 . 2  Unloading Sequence 

The LV c ryogen ic  un load  t i m e l i n e  was a l s o  r e c e n t l y  
r e v i s e d  by KSC t o  c o r r e c t  a 15-minute e r r o r  i n  t o t a l  un load  
t i m e .  The c o r r e c t e d  t i m e l i n e  i n c l u d e s  1 5  m i n u t e s  of d r a i n  
p r e p a r a t i o n s  ( S / A  #1 and p r i m a r y  damper r e c o n n e c t i o n )  p r i o r  
t o  a c t u a l  d r a i n  a c t i v i t i e s .  

S i n c e  t h e  e r r o r  does  no t  a f f e c t  t h e  o v e r a l l  r e s u l t s  
o f  t h i s  s t u d y  bu t  on ly  t h e  a c c u r a c y  of s e l e c t  da t a  i n  t h e  
f i g u r e s ,  t h e  c o r r e c t i o n  was n o t  i n c o r p o r a t e d  en  t o t o  but  on ly  
i n  F i g u r e  3 .  

s t o n e s  a re  p r e s e n t e d  h e r e ,  f o r  r e f e r e n c e  purpos-e6 o n l y ,  
a l o n g  w i t h  t h o s e  used  for t h i s  s t u d y .  

The c o r r e c t e d  t i m e s  for LV c r y o g e n i c  d r a i n  m i l e -  

TIMES USED FOR THIS STUDY LV CRYO CONFIGURATION CORRECTED TIMES 

S + 1 H  O M  LV r e a d y  t o  s t a r t  d r a i n  S + 1 H  i5M 
S + 1H 45M S-IVB LH2 d r a i n e d  

S + 2 H  30M S- I1  LH2 d r a i n e d  

S + 3 H  5M S-IVB Lg2 d r a i n e d  

S + 2 H  OM 

S + 2 H  45M 

S + 3 H  20M 

S + 3 H  15M 

S + 5 H  15M 

S - I 1  LO2 d r a i n e d  

S-IC LO2 d r a i n e d  

S + 3 H  30M 

S + 5 H  30M 

S a f e t y  i n s p e c t i o n  S + 6 H  30M S + 6H 15M 
comple te  
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6.0 CONCLUSIONS 

The f o l l o w i n g  c o n c l u s i o n s  a r e  a p p l i c a b l e  t o  b o t h  
Pad A and Pad B u n l e s s  o t h e r w i s e  n o t e d .  

1. 

2 .  

3.  

4. 

5.  

The r e v i s e d  c l e a r a n c e  c r i t e r i a  used  d u r i n g  
S & A  d e v i c e  ordnance o p e r a t i o n s  and MSS move- 
ments  n e a r  t h e  S V  have e s s e n t i a l l y  e l i m i n a t e d  
t h e  MSS c o n s t r a i n t s  p r e v i o u s l y  i d e n t i f i e d  
r e l a t i v e  t o  t h e s e  o p e r a t i o n s .  

D e l e t i o n  o f  t h e  MSS "ho t  f l ows"  as p a r t  o f  
t h e  MSS r e v a l i d a t i o n  c r i t e r i a  has e l i m i n a t e d  
t h e  need  t o  r e t u r n  t h e  MSS t o  a l a u n c h  pad 
p r i o r  t o  i t s  move i n  s u p p o r t  o f  t h e  sub- 
s e q u e n t  SV's p a d  p r o c e s s i n g .  The MSS can 
now b e  r e a d y  t o  suppor t  a new S V  a lmos t  
immediately f o l l o w i n g  a l a u n c h  e v e n t .  

D e s p i t e  g a i n s  s i n c e  Re fe rence  1 was w r i t t e n ,  
t h e  most s i g n i f i c a n t  c o n s t r a i n t s  a s s o c i a t e d  
w i t h  MSS s u p p o r t  o f  LC-39 c o n t i n u e  t o  b e :  

a .  t h e  loss o f  a c c e s s  t o  SC s e r v i c i n g  
l o c a t i o n s  as t h e  MSS i s  p r e p a r e d  f o r  
i t s  move d u r i n g  t h e  l a u n c h  countdown 

b .  t h e  d e l a y  i n  g a i n i n g  a c c e s s  t o  SC 
s e r v i c i n g  l o c a t i o n s  subsequen t  t o  a 
s c r u b  d e c i s i o n  

Pad o p e r a t i o n s  r e l a t e d  t o  t h e  c o n s t r a i n t s  of  
c o n c l u s i o n  3 above a re  a t  p r e s e n t ,  o p t i m i z e d  
and can  be improved f u r t h e r  o n l y  b y  e l i m i n a t i n g  
t h e  eac ly  S C  A/G v o i c e  checks  i n  t h e  l a u n c h  
countdown and t h e  plywood i n s t a l l a t i o n  
d u r i n g  s c r u b  t u r n a r o u n d .  

MSS t r a n s f e r s  between Pad B and t h e  p a r k s i t e  
r e q u i r e  one hour  l o n g e r  t h a n  c o r r e s p o n d i n g  
t r a n s f e r s  between Pad A and t h e  p a r k s i t e .  
The l o n g e r  t r a v e l  t ime  d o e s  n o t  p rove  t o  be 
a c o n s t r a i n t  t o  t h e  c u r r e n t  countdown s i n c e  
a d e q u a t e  t ime  e x i s t s  t o  accommodate t h e  
l o n g e r  move. S i m i l a r l y  f o r  s c r u b  t u r n a r o u n d s ,  
t h e  l o n g e r  t i m e  does  n o t  p r o v e  t o  b e  a con- 
s t r a i n t  a t  p r e s e n t  s i n c e  t h e  d e l a y  for plywood 
i n s t a l l a t i o n  exceeds  t h e  a d d i t i o n a l  move t i m e .  
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7.0 RECOMMENDATIONS 

1. KSC assess the feasibility of retainin?; t h e  
MSS at the launch pad until T-9 hours 
15 minutes as described in Appendix I, 
Section A.I.13. 

2. KSC assess the feasibility of eliminating 
the plywood installation for MSS returns 
in support of scrub-turnaround operations as 
described in Appendix I, Section A.I.14. 
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AS-504 SV Countdown Tes t  P r o c e s s i n g  B a r  C h a r t ,  KSC, Rev. 003, 
d a t e d  Februa ry  1 0 ,  1 9 6 9 .  

Apo l lo /Sa tu rn  V Space V e h i c l e  Scrub/Turnaround P lan  
(Apol lo  8 )  SA-503/CSM 1 0 3 ,  KSC 630-39-0035, da ted  
December 2 ,  1 9 6 8 .  

A p o l l o / S a t u r n  V Launch M i s s i o n  Ru les  Apol lo  9 
(SA-504/CSM 104/LM-3 KSC K-V-05.10/4, F i n a l  - d a t e d  
F e b r u a r y  3 ,  1 9 6 9 .  

Apo l lo /Sa tu rn  V Ground S a f e t y  P l a n ,  V o l .  11, KSC K-V-053,  
R e v i s i o n  2, d a t e d  Janua ry  1, 1969.  

S a t u r n  V P r o p e l l a n t  Loading C h a r t ,  Page 7-1, V .  35014,  
AS-504, KSC, d a t e  unknown. 

Apo l lo /Sa tu rn  V Space V e h i c l e  Scrub/Turnaround P l a n ,  

d a t e d  J a n u a r y  2 3 ,  1 9 6 9 .  
Apol lo  9 ,  SA-504/CSM-104/LM-3, KSC 630-39-0037, 
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s - I V B  LO, { 50% 

1 0% 
850 
850 

i 100% 
s- l  I LO, 1 50% 

I 0% 

850 

850 
850 

SAFETY 
INSPECTION 

COMPLETE AT 
SCRUB PLUS 

(HR:MIR) 

0 :  00 

SAFETY MSS READY MSS A R R I V E S  
TO TRAVEL 

PLUS 

AT PAD INSPECTION 

SCRUB PLUS 

2:16* 2:15* L 0:45 

AT SCRUB A T  SCRUB COMPLETE AT 

( HR:MIN) (HR:MIN) (HR:MIN) 

PADS A&B PAD A PAD B 

0: 15 I : 35 

PADS A&B PAD A PAD I 

0: 15 2:26 2:4: 

(PRIOR TO START (JUST AFTER START 
SCRUB AT T-8:00 OF CHI LLDOWN) SCRUB AT T-8:00 CH,LLDOWN) SCRUB AT T -7~04 

M IN IMUM 
D I STANCE 

CON STRA I NT 
(RAD I AL FEET) 

LV UNLO 
AT SCI 

PLU: 
(HR:MI 

V UNLOADED' MSS READY MSS ARRIVES 
AT SCRUB TO TRAVEL AT M I N I M U M  

P L U S  AT SCRUB DIST.CONSTR, 
PLUS AT SCRUB PLU:  ( HR:M I N )  ( HR:MIN) ( HR :M I N) 

I PADS A&B  PAD A I  PAD E 

! 
I 

CH I LLDOWN 8 50 

100% 4800 

S - I V B  LH, 1 50% 4700 

I 0% 4600 
' 

100% 
S- I1  LH, 

3600 

I i 100% I 850 0: 0 

0: I 
0: : 

O:( 
0:: 
0:' 

I , 100% I 3600 
1 

66% 3200 
3% 2650 

- - - I C  LO, ) 

M I N I M U M  
D I  STANCE 

CONSTRAINT 
(RADIAL FEET) 

MSS READY 
TO TRAVEL 
AT SCRUB 

PLUS 
(HR:MIN) 

MSS ARRIVES 
AT SAFETY 

INSP. CONST 
D I S T .  AT 

SCRUB PLUS 
(HR:MIN) 

SAFE 
I NSPEC 

COMPLE' 
SCRUB 

(HR:M 

SAFETY 

D I S T .  AT 

(HR:MIN) 

~ PADS A&B  PAD A 1 PAD B 

I I SAFETY INSPECTION I350 

* INCLUDES JACKDOWN 

I 
DATA SHEET FOR PLOTS 1 -  

F I G U R E  NO. 



MSS ARRIVES 
AT SAFETY 

INSP.  CONST 
D I S T .  AT 

SCRUB PLUS 
(HR:MIN) 

PAD A P A 0  B 

2:4l 2:51 

SAFETY 
I NS PECT I ON 

COMPLETE A T  
SCRUB PLUS 

(HR:MIN) 

3: 45 

SAFETY 
I N S P E C T I O N  

COMPLETE A T  
SCRUB P L U S  

(HR:M IN) 

MSS READY 
TO TRAVEL 
A T  SCRUB 

PLUS 
(HR:MIN) 

I j 
SCRUB A T  T-6:27 SCRUB A T  T - 4 ~ 5 7  1 I SCRUB AT T-3:28 II SCRUB AT T-0 SCRUB AT T -4 : I I  

(HR:MIH) 

I. c I I 1 1  I I 

LV UhLOADED 
AT SCRUB 

PLUS 
(HR:MIN) 

LV UNLOADED 
A T  SCRUB 

PLUS 
(HR:MIN) 

L D E D  MSS READY MSS ARRIVES 
I W B  TO TRAVEL AT M I N I M U M  

AT SCRUB D I  ST. CONSTR. 
PLUS AT SCRUB PLUS 

( HR:MIN! (HR:MI N) 
1) 
I PAD A PAD B PAD A PAD B 

L V  UNLOADED MSS READY MSS A R R I V E S  
AT SCRUB TO TRAVEL AT M I N I M U M  

PLUS AT SCRUB D I ST. CONSTR. 
PLUS AT SCRUB PLU! (HR:MIN) 

( HR:MIN) ( HR:M I N )  

MSS READY MSS ARRIVES 
TO TRAVEL AT MINIMUM 
AT SCRUB 

PLUS D I  A T S C R U B P L U S  ST. CONSTR. 
(HR:MIN) (HR:MI N )  

I 

I 
I 

1 

t0 0: 30 
17 0: 30 

45 0:30 

GO 0:30 

12 0:30 
c5 0: 30 

I-- - 

I 

1- 
l 

0: 45 2:OO 1:OO 3:20 3:42 
1:25 2:OO 1:OO 3:26 3:47 

I I 
I 

MSS ARRIVES 
AT SAFETY 

INSP. CDNST. 
DIST. A T  

:SCRUB PLUS 1 ( HR:MI N) 

MSS READY 
TO TRAVEL 
AT SCRUB 

PLUS 
( HR:M I N) 

~~ 

MSS ARRIVES 
A T  SAFETY 

INSP. CONST, 
D I S T .  AT 

SCRUB P L U S  
( HR: MI N) 

I 1 

SAFETY 
INSPECTION 

COMPLETE AT 
SCRUB PLUS 

(HR:MIN) 

MSS READY 

( HR: M IN) 

MSS ARRIVES 
AT SAFETY 

INSP. CONST. 
D I ST. A T  

SCRUB PLUS 

MSS READY MSS A R R I V E S  
I N S P E C T I O N  TO TRAVEL A T  SAFETY 

COMPLETE A T  AT SCRUB INSP. CONST. 
(HR:MIN) P L U S  D I S T .  AT SCRUB PLUS 

SAFETY 

(HR:MIN) SCRUB P L U S  

PAD A P A 0  B PAD A PAD E 
(HR:MIN) 

4:30 

MSS READY 
TO TRAVEL 
AT SCRUB 

PLUS 
( HR:M IN) 

PADS A&B I 

6:  15 2:45 4:56 6:OO I 
1 PAD A [ b A D  B PAD AI  PAD B 

5:15 I 2:45 1 2:15 2:oo I 1:oo 

-5 OF F I G U R E S  9 & 10 

I I  
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A .  MSS TRANSFERS BETWEEN PAD AND PARKSITE 

PAD A TO PARKSITE 3 HOURS 30 MINUTES 
PARKSITE TO PAD A 3 HOURS 15 MINUTES 
FAD B TO PARKSITE 
PARKSITE TO PAD B 

4 HOURS 30 MINUTES 
4 H O U R S  lfs MINUTES 

RETURN TIME AFTER STOPPING RETURN TIME EQUAL 
MSS I N  TRANSIT TOWARD TO TRAVEL  TIME^ 
PARKSITE 

B. PARKSITE OPERATIONS 

SECURING MSS & C/T  AT PARKSITE 2 HOURS 30 MINUTES 
PREPARING MSS & C/T AT PARKSITE 2 H O U R S  15 MINUTES 

C .  FAD OPERATIONS 

LAY AND SOAP PLYWOOD 
REMOVE PLYWOOD 

2 H O U R S ~  
1 HOUR 15 MINUTES3 

D .  MSS PLATFORM OPERATIONS 
PREP TO OPEN OR CLOSE4 OPEN OR CLOSE TIMES TOTAL 

#1 45 MINUTES 1 5  MINUTES 60  MINUTES 
#2 75 MINUTES 1 5  MINUTES 90 MINUTES 
#3  75 MINUTES 15  MINUTES 90 MINUTES 
# 4  90 MINUTES 30 MINUTES 1 2 0  MINUTES 
# 5  45 MINUTES 1 5  MINUTES 6 0  MINUTES 

E. ESP/LLP TRANSPORTER MOVES BETWEEN PAD AND LAUNCH POSITION 
(600-FT POINT) 

PREP TU MOVE/SECURING5 MOVE TO OR FROM PAD TOTAL 

3 0  MINUTES 30 MINUTES 6 0  MINUTES 

1 
DETERMINED AS FOLLOWS: REQUIRES 30 MINUTES LESS TO TRAVEL 

OVER THE MOUNTS; THE OTHER 15  MINUTES IS CONSUMED I N  
UP RAMP BUT TAKES 15 MINUTES LONGER TO POSITION THE MSS 

"TURNING THE MSS TRANSFER OPERATION A R O U N D . "  

MOUNTS AND I S  READY FOR J A C K D O W N  AT THE END OF THE 
2MSS MOVE I S  ACCOMPLISHED I N  PARALLEL; MSS ARRIVES OVER 

3TRUCK WITH PLYWOOD EXITS THE PAD GATE AT END OF THE 1 HOUR 

2 HOURS.  

15 MINUTES. 
ASSUMES PLATFORM COMPLETELY TURNED OVER TO THE SUPPORT 
GROUP FOR PREPARATION 

5PREPARATIONS REQUIRE 3 0  MINUTES ; ALTHOUGH LV OCPS PRESENTLY 
ALLOW OVER AN HOUR FOB SECURING, I T  I S  ASSUMED FOR THIS 
STUDY THAT SECURING C A N  BE DONE IN 30 MINUTES IF THE -~ -~ ~ 

BENEFITS WARRANT EXPEDIENCY 

AGREED UPON OPERATIONAL TIMELINES FOR MSS RELATED ACTIVITIES 
FIGURE N O .  1 2  
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BELLCOMM, INC. 

APPENDIX I 

CURRENT MSS DATA 

T h i s  appendix i s  d e v o t e d  t o  e x a m i n a t i o n ,  e x p l a n a t i o n ,  
and a n a l y s i s  of data p r e s e n t e d  i n  t h e  1 4  f i g u r e s  of t h i s  s t u d y .  
T h e  1 4  f i g u r e s  are:  

FIGURE NO. 

1 
2 

3 

4 

5 

6 
7 

8 

9 

10  

11 

12 

13 

14 

LC-39 CRAWLER TRANSPORTER GROUND TRACK 

AS-504 AND SUBS LAUNCH COUNTDOWN (MSS 
RELATED FUNCTIONS) 

REQUISITES (MSS RELATED) 
AS-504 AND SUBS SCRUB-TURNAROUND PRE- 

MSS TRANSFER BETWEEN PAD A AND PARKSITE 

MSS REQUIRED DISTANCES (PERSONNEL SAFETY) 
FROM PAD A FOR HAZARDOUS LV PROPELLANT 
C O N F I G U R A T I O N S  

MSS TRANSFER BETWEEN PAD B AND PARKSITE 

MSS REQUIRED DISTANCES (PERSONNEL SAFETY) 
FROM PAD B F O R  HAZARDOUS LV PROPELLANT 
CONFIGURATIONS 

MSS MOVE AND RETURN TIMES BETWEEN PAD AND 

MSS RETURN TIME (PAD A) VS "T" TIME OF 

MSS RETURN TIME (PAD B) VS "T" TIME OF 

P A R K S 1  TE 

SCRUB DECISION 

SCRUB DECISION 

AND 1 0  

RELATED ACTIVITIES 

DATA SHEET FOR PLOTS 1-5 OF FIGURES g 

AGREED UPON OPERATIONAL TIMELINES FOR MSS 

INFLUENCE OF LV C R Y 0  DISTANCE CONSTRAINT 
(PERSONNEL SAFETY) ON MSS AND ESP TRANS- 
PORTER TRANSFERS D U R I N G  LAUNCH COUNTDOWN 

TRANSPORTER AND MSS RETURNS DURING SCRUB 
TURNAROUND 

INFLUENCE OF PLYWOOD INSTALLATION ON ESP 
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A . I . l  F i g u r e  No. 1 - LC-39 CRAWLER TRANSPORTER GROUND T R A C K  

T h i s  f i g u r e  shows t h e  l o c a t i o n  of  s i g n i f i c a n t  LC-39 
f a c i l i t i e s  ( l a u n c h  p a d s ,  VAB, MSS p a r k s i t e )  and t h e i r  i n t e r -  
c o n n e c t i n g  crawlerway.  Crawlerway f o o t a g e s  ( t r a v e l  d i s t a n c e s )  
are shown between each  pad and t h e  p a r k s i t e  and a l s o  e a c h  pad 
and  t h e  VAB. They are drawn t o  s c a l e  and can  b e  used  i n  con- 
j u n c t i o n  w i t h  t h e  d i s t a n c e - t i m e - s p e e d  c h a r t  i n  t h e  u p p e r  l e f t  
q u a d r a n t  o f  t h e  f i g u r e  t o  c a l c u l a t e  minimum t r i p  t imes for 
v a r i o u s  segments  of  t r a v e l .  

A . I . 2  F i g u r e  No. 2 - AS-504 AND SUBS LAUNCH COUNTDOWN (MSS 
RE LATE D F UY? C T I 0 M S ) 

T h i s  f i g u r e  r e p l a c e s  F i g u r e  No. 2 o f  Re fe rence  1. 
Shown are t h e  c u r r e n t  t i m e l i n e s  f o r  MSS and MSS r e l a t ed  a c t i v -  
i t i e s  d u r i n g  l aunch  countdown. I n c l u d e d  are t h e  t i m e l i n e s  f o r  
Pad A and Pad B for b o t h  c a s e s  of  h o l d ;  no  h o l d  t i m e  a v a i l a b l e  
a t  T-9 h o u r s  and t h e  e n t i r e  6-hour h o l d  a v a i l a b l e  a t  T-9 h o u r s .  

A . I . 3  F i g u r e  No. 3 - AS-503 AND SUBS SCRUB TURNAROUND PRE- 
REQUISITES (MSS RELATED) 

T h i s  f i g u r e  r e p l a c e s  F i g u r e s  3 and 7 o f  Re fe rence  1. 
Shown are the  c u r r e n t  t i m e l i n e s  f o r  MSS and MSS r e l a t e d  a c t i v -  
i t i e s  d u r i n g  sc rub- tu rna round  p r e p a r a t i o n s *  on e i t h e r  Pad A 
o r  Pad B. 

A s  can be s e e n ,  the MSS must be d e l a y e d  e i t h e r  a t  
t h e  p a r k s i t e  or somewhere e n r o u t e  t o  p r e v e n t  a r r i v i n g  a t  t h e  
s a f e t y  i n s p e c t i o n  c o n s t r a i n t  d i s t a n c e  t o o  e a r l y  and a l s o  t o  
p r e v e n t  a r r i v a l  a t  i t s  launch  pad p o s i t i o n  p r i o r  to comple t ion  
o f  plywood i n s t a l l a t i o n / s o a p i n g .  

A . I . 4  F i g u r e  No. 4 - MSS TRANSFER BETWEEN PAD A AND PARKSITE 

Th i s  f i g u r e  i s  e s s e n t i a l l y  i d e n t i c a l  t o  F i g u r e  No. 4 
o f  Refe rence  1. It p r o v i d e s  i n  t a b u l a r  form the  c a l c u l a t e d  
t r a n s f e r  t imes from Pad A t o  t h e  p a r k s i t e  and from t h e  p a r k s i t e  
back  t o  Pad A .  The t r a n s f e r  t i m e s  are g i v e n  f o r  s e l e c t  i n c r e -  
m e n t a l  d i s t a n c e s  e x p r e s s e d  i n  b o t h  r a d i a l  and crawlerway t r a v e l  
f o o t a g e s .  

Also i n c l u d e d  for e a c h  i n c r e m e n t a l  d i s t a n c e  i s  a 
d e s c r i p t i o n  of  the crawlerway t e r r a i n  (ramp, s t r a i g h t - a w a y ,  
c u r v e ,  e t c . )  and the  a c c e p t e d  a v e r a g e  C/T speed  f o r  each  t e r r a i n  
c o n d i t i o n .  

*Assumed s c r u b  o c c u r r e d  j u s t  p r i o r  t o  F-1 e n g i n e  i g n i t i o n  
(IT-9 s e c o n d s ) .  
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A s  n o t e d  on t h e  f i g u r e ,  t h e  c a l c u l a t e d  t i m e s  do n o t  
i n c l u d e  d e l a y s  f o r  c l e a r a n c e  and communication e v e n t s .  The 
c a l c u l a t e d  t r a n s f e r  t i m e s  have been d e m o n s t r a t e d ,  however,  b y  
a c t u a l  t r a n s f e r  o p e r a t i o n s  and a r e  t h e  minimum t r a n s f e r  t imes 
d i s r e g a r d i n g  any a n o m a l i e s  and /o r  d e l a y s .  

S i n c e  minimum t imes  a r e  seldom r e a l i s t i c  t imes t o  u s e  
f o r  p l a n n i n g  p u r p o s e s ,  p r o c e d u r e s ,  e t c . ,  a g r e e d  upon "opera-  
t i o n a l  t i m e l i n e s "  have b e e n  e s t a b l i s h e d  f o r  v a r i o u s  MSS 
r e l a t e d  f u n c t i o n s  and are r e f l e c t e d  i n  F i g u r e  No. 1 2 .  

A . I . 5  F i g u r e  No. 5 - MSS REQUIRED DISTANCES (PERSONNEL SAFETY) 
FROM PAD A FOR HAZARDOUS LV PROPELLANT 
CONFIGURATIONS 

T h i s  f i g u r e  r e p l a c e s  F i g u r e  No. 5 o f  Refe rence  1. 
It p r o v i d e s  i n  t a b u l a r  form t h e  r e q u i r e d  d i s t a n c e s ,  i n  b o t h  
r a d i a l  and t r a v e l  f o o t a g e s ,  t h a t  t h e  MSS must b e  from Pad A 
for v a r i o u s  LV c r y o g e n i c  load  c o n f i g u r a t i o n s .  

Also  i n c l u d e d  a r e  t h e  nominal  "T" t imes and "S" 
t i m e s  e a c h  p a r t i c u l a r  c o n f i g u r a t i o n  i s  r e a c h e d  w h i l e  l o a d i n g  
and  u n l o a d i n g ,  r e s p e c t i v e l y ,  d u r i n g  l a u n c h  countdown and 
sc rub- tu rna round  o p e r a t i o n s .  

Data i s  a l s o  p rov ided  r e f l e c t i n g  t h e  l a t e s t  and 
e a r l i e s t  t i m e s  t h a t  t h e  MSS can  d e p a r t  t h e  l a u n c h  pad  and 
p a r k s i t e ,  r e s p e c t i v e l y ,  w i thou t  v i o l a t i n g  t h e  d i s t a n c e  con- 
s t r a i n t  a s s o c i a t e d  w i t h  e a c h  LV c r y o g e n i c  l o a d  c o n f i g u r a t i o n .  

A s  can  be s e e n  f r o m  t h e  countdown da ta ,  i f  t h e  MSS 
d e p a r t s  t h e  l a u n c h  pad i n  t i m e  t o  s a t i s f y  t h e  c h i l l d o w n  
d i s t a n c e  c o n s t r a i n t  and c o n t i n u e s  toward t h e  p a r k s i t e  a t  i t s  
nominal  p a c e ,  a l l  o t h e r  d i s t a n c e  c o n s t r a i n t s  w i l l  a u t o m a t i c a l l y  
b e  s a t i s f i e d  as t h e  LV i s  be ing  l o a d e d .  

S i m i l a r l y  f o r  t h e  sc rub- tu rna round  da ta ,  i f  t h e  
MSS d e p a r t s  t h e  p a r k s i t e  no s o o n e r  t h a n  S+2H 5 8 ~  (S-IC LO2 
@ 3 3 %  c o n s t r a i n t ) ,  a l l  o t h e r  d i s t a n c e  c o n s t r a i n t s  w i l l  a l s o  
b e  s a t i s f i e d  d u r i n g  LV un load ing .  

NOTE: The da ta  i n  F i g u r e  No. 5 does  n o t  r e f l e c t  
t h e  r e v i s e d  LV c r y 0  t i m e l i n e s  d i s c u s s e d  i n  S e c t i o n  5 . 3 .  

A . I . 6  F i g u r e  No. 6 - MSS TRANSFER BETWEEN PAD B AND PARKSITE 

T h i s  f i g u r e  i s  s imilar  t o  t h e  da ta  p r o v i d e d  f o r  
P a d  A i n  F i g u r e  No. 4 .  S ince  Pad B i s  4 4 0 0  f e e t  ( t r a v e l  
d i s t a n c e )  f u r t h e r  from t h e  p a r k s i t e  t h a n  Pad A and a l s o  
h a s  crawlerway t e r r a i n  c o n d i t i o n s  which d i f f e r  from t h a t  o f  
Pad A ,  d i f f e r e n t  t r a v e l  t imes  can  b e  e x p e c t e d .  
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It can  be s e e n  t h a t  t h e  c a l c u l a t e d  t r a n s f e r  t imes 
from Pad B t o  t h e  p a r k s i t e  and from t h e  p a r k s i t e  t o  t h e  pad 
a r e  66  m i n u t e s  and 65 minutes  l o n g e r ,  r e s p e c t i v e l y ,  t h a n  t h o s e  
f o r  Pad A .  L ike  Pad A ,  t h e  Pad B c a l c u l a t e d  t r a n s f e r  t i m e s  
have been demons t r a t ed  through a c t u a l  t r a n s f e r  o p e r a t i o n s  
and are t o  be  c o n s i d e r e d  minimum t i m e s .  

Agreed upon " o p e r a t i o n a l  t i m e l i n e s "  f o r  Pad B 
t r a n s f e r s  a r e  a l s o  r e l l e c t e d  i n  F i g u r e  No. 1 2 .  

A . I . 7  F i g u r e  No. 7 - MSS R E Q U I R E D  DISTANCES (PERSONNEL SAFETY) 
FROM PAD B FOR HAZARDOUS LV PROPELLANT 
CONFIGURATIONS 

T h i s  f i g u r e  i s  s imilar  to t h e  data  p r o v i d e d  f o r  Pad A 
i n  F i g u r e  No. 5 .  

A s  i n  t h e  Pad A d a t a ,  i f  t h e  MSS d e p a r t s  t h e  l a u n c h  
pad i n  t i m e  t o  s a t i s f y  t h e  ch i l l down  d i s t a n c e  c o n s t r a i n t  and 
c o n t i n u e s  toward  t h e  p a r k s i t e  a t  i t s  nominal  p a c e ,  a l l  o t h e r  
d i s t a n c e  c o n s t r a i n t s  w i l l  a u t o m a t i c a l l y  be s a t i s f i e d  as t h e  LV 
i s  b e i n g  l o a d e d .  

S i m i l a r l y  f o r  t h e  s c r u b - t u r n a r o u n d  d a t a ,  i f  t h e  MSS 
d e p a r t s  t h e  p a r k s i t e  no soone r  t h a n  S+lH+47M ( S - I 1  LO2 @loo% 
c o n s t r a i n t ) ,  a l l  o t h e r  d i s t a n c e  c o n s t r a i n t s  w i l l  a l s o  be 
s a t i s f i e d  as t h e  LV i s  unloaded .  

NOTE: The data i n  F i g u r e  No. 7 does  n o t  r e f l e c t  
t h e  r e v i s e d  LV c r y o  t i m e l i n e s  d i s c u s s e d  i n  S e c t i o n  5 . 3 .  

A . I . 8  F i g u r e  No. 8 - MSS MOVE & RETURN TIMES BETWEEN P A D  
AND PARKSITE 

T h i s  f i g u r e  i s  a p l o t  o f  t h e  t a b u l a r  da t a  p r e s e n t e d  
i n  F i g u r e s  4 and 6 .  P l o t t e d  a r e  t h e  nominal  p a d - t o - p a r k s i t e  
t imes  a g a i n s t  t h e  c o r r e s p o n d i n g  nominal  p a r k s i t e - t o - p a d  t i m e s .  
Data p o i n t s  a re  p l o t t e d  f o r  e a c h  o f  t h e  s e l e c t  r a d i a l  d i s t a n c e s  
shown i n  F i g u r e s  4 and 6 .  

T h i s  f i g u r e  a l l o w s  r a p i d  d e t e r m i n a t i o n  o f  t h e  
nomina l  MSS r e t u r n  times t o  e i t h e r  pad f o r  s c r u b s  o c c u r r i n g  
whi le  t h e  MSS i s  i n  t r a n s i t  toward  t h e  p a r k s i t e .  I f  t h e  
move toward  t h e  p a r k s i t e  i s  n o t  nomina l ,  r e t u r n  t i m e s  can  
s t i l l  b e  o b t a i n e d  b y  u s i n g  t he  r a d i a l  d i s t a n c e  f i g u r e s  
r e f e r e n c e d  on t h e  r e s p e c t i v e  p l o t  p o i n t s .  

Although t h e  Pad A p l o t  i s  a lmos t  c o i n c i d e n t  w i t h  
t h e  lower  p o r t i o n  o f  t h e  Pad B p l o t ,  i t  s h o u l d  b e  n o t e d  t h a t  
t h e  r ad ia l  d i s t a n c e s  v a r y  c o n s i d e r a b l y  beyond t h e  1350-foot  
data p o i n t .  T h i s  i s  due t o  t h e  c u r v e  a t  t h e  bot tom o f  t h e  
ramp a t  Pad A .  



BELLCOMM, I N C .  - A 5  - 

A . I . 9  F i g u r e  No. 9 - MSS RETURN TIME ( P A D  A )  V S  "T" TIME 
OF SCRUB D E C I S I O N  

T h i s  f i g u r e  r e p l a c e s  F i g u r e  No. 6 o f  Re fe rence  1. 
Shown are  p l o t s  o f  r e q u i r e d  MSS r e t u r n  t i m e s *  v s  t h e  "T" 
t i m e  o f  t h e  s c r u b  d e c i s i o n .  The v a r i o u s  p l o t s  r e p r e s e n t  t h o s e  
SV and/or  pad a c t i v i t i e s  which c o n s t r a i n  t h e  r e t u r n  o f  t h e  MSS. 
T h i s  i s  o f  n o t a b l e  impor tance  s i n c e  SC t u r n a r o u n d  a c t i v i t i e s  
a re  dependent  upon arid n e c e s s a r i l y  subsequen t  to r e t u r n  o f  
t h e  MSS. 

Four  b a s i c  p l o t s  a r e  shown. A v a r i a t i o n  f o r  one of  
t h e  plots i s  a l s o  shown t o  i n d i c a t e  how t h e  p l anned  6-hour h o l d  
a t  T-9 h o u r s  a f f e c t s  MSS r e t u r n  t i m e .  A f i f t h  p l o t  r e p r e s e n t s  
how MSS r e t u r n  t i m e  would b e  a f f e c t e d  b y  d e l a y i n g  t h e  MSS move 
to t h e  p a r k s i t e  as l a t e  as p o s s i b l e .  

PLOT #1 - P l o t  #1 r e p r e s e n t s  t h e  r e q u i r e d  MSS r e t u r n  
t i m e  when c o n s i d e r i n g  t h e  MSS' i n h e r e n t  c a p a b i l i t i e s  and/or  
c o n s t r a i n t s .  T h i s  i s ,  t h e n ,  t h e  minimum MSS r e t u r n  t ime  
d i s r e g a r d i n g  a l l  SV and pad c o n s t r a i n t s .  

Plot #1 d i v i d e s  a t  T-9 hour s  i n  c o n s i d e r a t i o n  of t h e  
p l a n n e d  6-hour ho ld  which may o r  may n o t  b e  t o t a l l y  o r  p a r t i a l l y  
a v a i l a b l e  when t h a t  po in t - in - t ime  i s  r e a c h e d .  Plot #1 ( u p p e r )  
i n d i c a t e s  t h a t  i f  t h e  e n t i r e  6 h o u r s  o f  h o l d  i s  a v a i l a b l e  
a t  T-9 and t h e  MSS move i s  nominal ,  t h e n ,  t h e  MSS move, i t s  
s e c u r i n g  a t  t h e  p a r k s i t e ,  and c l e a r i n g  o f  MSS p e r s o n n e l  from 
t h e  p a r k s i t e  would a l l  be comple ted  d u r i n g  t h e  hold. Hence, 
r e t u r n  o f  t h e  MSS would r e q u i r e  a minimum t ime  o f  6 hour s  
4 m i n u t e s .  I f  none o f  t h e  ho ld  i s  a v a i l a b l e  a t  T-9 ,  t h e  
r e q u i r e d  r e t u r n  t ime  would n o t  r e a c h  t h e  6-hour and 
4 minu te  v a l u e  u n t i l  ST-3 hour s  28 minu tes (comp1e t ion  of  LV 
c r y o g e n i c  s e r v i c i n g ) .  

For v a l u e s  of hold between z e r o  and  s i x  h o u r s ,  
p l o t  #1 ( u p p e r )  would s t a r t  v e r t i c a l l y  upward a t  T-9 hour s  
f o r  a p e r i o d  of  t ime  e q u a l  t o  t he  h o l d  and t h e n  f o l l o w  a 
p a t h  d i a g o n a l l y  upward t o  t h e  r i g h t ,  p a r a l l e l  t o  p l o t  #1 
( l o w e r ) , u n t i l  it r e a c h e d  the  6 hour  4 minu te  r e t u r n  t i m e .  

PLOT # 2  - P l o t  #2  i n d i c a t e s  t h e  e f f e c t  o f  t h e  LV 
c r y o g e n i c  u n l o a d i n g  d i s t a n c e  c o n s t r a i n t  upon MSS r e t u r n  
. t imes.  T o  a r r i v e  a t  meaningfu l  data  p o i n t s  which cou ld  b e  
compared d i r e c t l y  w i t h  p l o t  #1, t h e  MSS r e t u r n  t i m e  f o r  

*MSS r e t u r n  times i n c l u d e  any p r e p a r a t i o n  f o r  r e t u r n ,  
t h e  r e t u r n  t r a n s i t  t i m e ,  and 30 m i n u t e s  f o r  jackdown. 
P l a t f o r m  c l o s i n g  t imes have n o t  been i n c l u d e d  s i n c e  t h e y  
are dependent  upon which p l a t f o r m s  a r e  t o  be c l o s e d  f i r s t .  
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each milestone event was calculated by summing the most con- 
straining LV unload time,* the required MSS transit time from 
the distance associated with the unload time, and 30 minutes 
for jackdown. 

As can be seen from Figure No. 9, plot # 2  is more 
constraining than plot #1 only for scrubs within the last 
35 minutes of the countdown. It is, however, one of the 
cumulative factors which influences the constraints 
illustrated in plots 3 and 4. 

PLOT # 3  - Plot # 3  indicates the effect of the post- 
L'J cryogenic unlcad safety inspect.inn upon MSS return times. 
Since the safety inspection requires 60 minutes*% 2nd com- 
mences with the end of LV cryogenic unload, its completion 
time was easily calculated from the "LV UNLOADED AT SCRUB 
PLUS" column in Figure No. 11. 

The MSS return time for each milestone event was 
then calculated by summing the safety inspection completion 
time, the MSS transit time from the safety inspection con- 
straint distance (assumed to be the 1350-foot point), and 
30 minutes for jackdown. 

It can be seen from Figure No. 9 ,  plot # 3  is more 
constraining than plot #1 f o r  all scrubs subsequent to -T-4 
hours. The safety inspection, like LV cryogenic unloading, 
is a cumulative factor which influences plot #4. 

PLOT #4 - Plot #4 indicates the effect of the 
requirement to install and soap some 300 pieces of plywood 
(prior to MSS arrival at its pad position) upon MSS return 
times. The installation/soaping of plywood, which takes 
approximately two hours, cannot be started until the safety 
inspection has been completed. 

The MSS return time for each milestone event was 
then calculated by summing the safety inspection completion 
time, 120 minutes f o r  plywood installation/soaping, and 
30 minutes for jackdown. 

*Determined by comparison of the "LV UNLOADED AT SCRUB 
PLUS" column with the "MSS ARRIVES AT MINIMUM DIST. CONST. 
AT SCRUB PLUS" column of Figure No. 11. The most constraining 
LV unload time corresponds to the MSSarrival Gime which is 
closest to it. 

**A safety inspection of 45 minutes was assumed f o r  scrubs 
occurring just after start of LO2 facility chilldown. 
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From F i g u r e  No. 9 ,  i t  can  be s e e n  t h a t  p l o t  # 4  
p r o v e s  t o  be  more c o n s t r a i n i n g  t h a n  p l o t s  1 and 3 f o r  s c r u b s  
subsequen t  to T-10 h o u r s  15 minu tes  (MSS s t a r t s  moving toward 
t h e  p a r k s i t e  and plywood removal i s  accompl ished  as t h e  C/T 
moves beyond i t ) .  The maximum d e l a y  caused  b y  t h e  plywood 
o c c u r s  f o r  s c r u b s  between T-4 h o u r s  and T - 0 .  

For  s c r u b s  o c c u r r i n g  d u r i n g  t h a t  t ime-f rame,  t h e  
MSS can  a l w a y s  a r r i v e  a t  t h e  1350-foot  p r i o r  t o  comple t ion  
of t h e  s a f e t y  i n s p e e t i o n .  S ince  t h e  MSS minimum r e t u r n  t i m e  
f rom t h e  1350-foot  p o i n t  i s  2 -1 /2  h o u r s  ( i n c l u d i n g  plywood 
i n s t a l l a t i o n )  and i s  o n l y  68 m i n u t e s  w i t h o u t  i t ,  t h e  d e l a y  
a t t r i b u t a b l e  te t h e  plywe9d i s  1 h s u r  2 2  x i n u t e s .  

PLOT # 5  - The development o f  a 2 4  hour  s c r u b - t u r n -  
around c a p a b i l i t y  on Apol lo  8 ( f o r  s c r u b s  as l a t e  as T-8 
h o u r s )  p o i n t e d  o u t  t h e  n e c e s s i t y  t o  d e l a y  MSS movement toward 
t h e  p a r k s i t e  d u r i n g t h e  b u i l t - i n  h o l d  a t  T-9 h o u r s .  Although 
t h e  c a p a b i l i t y  was i d e n t i f i e d ,  i t  was n o t  n e c e s s a r y  t o  
implement i t  on Apol lo  8 s i n c e  t h e  m a j o r i t y  of  t h e  b u i l t - i n  
h o l d  was used  up f o r  SM LO2 r e s e r v i c i n g  o p e r a t i o n s .  

b e  de l ayed  a t  t h e  1350-foot  p o i n t  u n t i l  a p p r o x i m a t e l y  T-8 
h o u r s  30 m i n u t e s .  The  d i f f e r e n c e  i n  MSS r e t u r n  t imes can  
b e  s e e n  by comparing two of  t h e  p r e v i o u s l y  d i s c u s s e d  p l o t s .  
P l o t  #1 (6-hour  ho ld  a t  T - 9 )  r e f l e c t s  an  MSS r e t u r n  t i m e  o f  
6 h o u r s  4 m i n u t e s  f o r  s c r u b s  between T-9 h o u r s  and T-8 h o u r s .  
P l o t  #4 i n d i c a t e s  an  MSS r e t u r n  t i m e  o f  2 h o u r s  30 minu tes  
would be  p o s s i b l e  f o r  s c r u b s  d u r i n g  t h e  same t ime-frame b y  
implement ing  t h e  1350-foot  d e l a y  t e c h n i q u e .  

The Apol lo  8 p l a n  would have c a l l e d  f o r  t h e  MSS t o  

P l o t  #5a  r e f l e c t s  t h e  MSS r e t u r n  t i m e  f o r  an  MSS 
which i s  d e l a y e d  a t  t h e  1350-foot  p o i n t  u n t i l  T-8 hour s  d i s -  
r e g a r d i n g  t h e  plywood i n s t a l l a t i o n ,  s a f e t y  i n s p e c t i o n ,  and 
LV c ryo  un ldad  c o n s t r a i n t s .  T h i s  p l o t  w i l l  be  d i s c u s s e d  
i n  more d e t a i l  i n  S e c t i o n  A . I . 1 4 .  

P l o t  #5b r e f l e c t s  t h e  MSS r e t u r n  t ime  f o r  an  MSS 
which i s  d e l a y e d  a t  i t s  pad l o c a t i o n  u n t i l  T-9 hour s  
15  m i n u t e s  d i s r e g a r d i n g  t h e  plywood, i n s p e c t i o n ,  and un load  
c o n s t r a i n t s .  T h i s  p l o t  w i l l  a l s o  b e  d i s c u s s e d  i n  more 
d e t a i l  i n  S e c t i o n  A . I . 1 3  and A . I . 1 4 .  

NOTE: The data i n  F i g u r e  No. 9 does  n o t  r e f l e c t  
t h e  r e v i s e d  LV c r y o  t i m e l i n e s  d i s c u s s e d  i n  S e c t i o n  5 . 3 .  
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A . I . 1 0  F i g u r e  No. 1 0  - MSS RETURN TIME ( P A D  B) VS "T" TIME 
OF SCRUB DECISION 

T h i s  f i g u r e  i s  similar t o  t h e  da t a  p r o v i d e d  f o r  
Pad A i n  F i g u r e  No. 9 .  The o n l y  s i g n i f i c a n t  d i f f e r e n c e s  
o t h e r  t h a n  t h e  1 hour 6 minu te s  l o n g e r  i t  t a k e s  t o  t r a n s f e r  
t h e  MSS between Pad B and t h e  p a r k s i t e  a re  as fo_l.lows: 

1. The p r o p e l l a n t  un load  d i s t a n c e  c o n s t r a i n t  
( p l o t  # 2 )  i s  never  more c o n s t r a i n i n g  t h a n  
t h e  M35 i t s e l f  ( p l o t  #1). 

2 .  The safety i n s p e c t i o n  d i s t a n c e  c o n s t r a i n t  
(plot; H 3 )  i s  more c o n s t r a i n i n g  t h a n  t h e  
MSS i t s e l f  ( p l o t  #1) o n l y  for s c r u b s  
o c c u r r i n g  subsequent  t o  T-30 m i n u t e s .  

NOTE: The data  i n  F i g u r e  No. 1 0  d o e s  no t  r e f l e c t  
t h e  r z v i s e d  LV c r y o  t i m e l i n e s  d i s c u s s e d  i n  S e c t i o n  5 . 3 .  

A . I . l l  FIGURE N O .  11 

'Th is  f i g u r e  r e p l a c e s  F i g u r e  No. 8 of Refe rence  1. 
It c o n t a i n s  t h e  v a r i o u s  data p o i n t s  u sed  i n  p l o t t i n g  t h e  
c u r v e s  o f  F i g u r e s  9 and 1 0 .  For  e a c h  major  m i l e s t o n e  i n  
t h e  l a u n c h  countdown ( s t a r t i n g  w i t h  MSS j a c k i n g  a t  T-10  h o u r s  
45 m i n u t e s  and c o n t i n u i n g  dGwn t h r o u g h  T-O) , the  f o l l o w i n g  
e v e n t  t imes  are  p r o v i d e d  f o r  e a c h  LV c r y o g e n i c  c o n f i g u r a t i o n  
h a v i n g  a unique  d i s t a n c e  c o n s t r a i n t :  

1. nominal  t i m e  LV c o n f i g u r a t i o n  i s  r e a c h e d  
d u r i n g  sc rub- tu rna round  o p e r a t i o n s  

2 .  nominal  t i m e  t h e  MSS i s  ready  t o  d e p a r t  
t h e  p a r k s i t e  o r  s t a r t  i t s  r e t u r n  t r a v e l  
were i t  i n  t r a n s i t  a t  t h e  t ime  o f  s c r u b  

3 .  nominal  t i m e  t h e  MSS a r r i v e s  a t  t h e  
r e f e r e n c e d  c o n s t r a i n t  d i s t a n c e  

4 .  nominal  t i m e  t h e  s a f e t y  i n s p e c t i o n  i s  
comple ted  

5 .  nominal  t i m e  t h e  MSS a r r i v e s  a t  t h e  s a f e t y  
i n s p e c t i o n  c o n s t r a i n t  d i s t a n c e .  

Comparison o f  t h e  t i m e s  t h a t  v a r i o u s  c o n s t r a i n t  
d i s t a n c e s  come i n t o  e f f e c t  w i t h  t h e  t i m e  t h a t  t h e  MSS a r r i v e s  
a t  t h a t  c o n s t r a i n t  d i s t a n c e  a l l o w s  i d e n t i f i c a t i o n  o f  which 
SV and /o r  pad o p e r a t i o n s  a r e  more c o n s t r a i n i n g  t h a n  t h e  MSS 
i t s e l f .  
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NOTE: The da ta  i n  F i g u r e  No. 11 does  n o t  r e f l e c t  
t h e  r e v i s e d  LV c r y o  t i m e l i n e s  d i s c u s s e d  i n  S e c t i o n  5 . 3 .  

A . I . 1 2  F i g u r e  No. 1 2  - A G R E E D  U P O N  OPERATIONAL TIMELINES 
FOR MSS RELATED ACTIVITIES 

T h i s  f i g u r e  p r o v i d e s  i n  t a b u l a r  form t h e  ope ra -  
t i o n a l  t i m e l i n e s  f o r  MSS r e l a t e d  a c t i v i t i e s  which have been 
a g r e e d  upon as t h e  s t a n d a r d  f o r  p l a n n i n g  p u r p o s e s .  I n  a l l  
c a s e s  ( e x c e p t  f o r  t h e  MSS move t i m e s ) ,  t h e  t i m e l i n e s  of  
F i g u r e  No. 1 2  were used  i n  t h i s  s t u d y .  T h i s  i s  due t o  t h e  
h i @  d e g r e e  o f  c o n f i d e n c e  i n  b e i n g  a b l e  t o  meet t h e  minimum 
b i l l i t .  l l i l e  s ~ S S O C  i a t e t l  w i  t i l  j acki r ig  o p e r a t  io r i s  , p i a i  f o r m  ope ra -  
t i o n s ,  plywood i n s t a l l a t i o n / r e m o v a l ,  MSS s e c u r i n g  a t  t h e  
p a r k s i t e ,  MSS p r e p a r a t i o n s  t o  l e a v e  t h e  p a r k s i t e  and ESP/ 
LLP t r a n s p o r t e r  o p e r a t i o n s .  

L--*,.  

Although t h e  MSS move t i m e l i n e s  o f  F i g u r e s  4 and 
6 are a t t a i n a b l e ,  t h e y  a re  more s u s c e p t i b l e  t o  d e l a y s  due t o  
t h e  e x t e n s i v e  amount of c o o r d i n a t i o n  r e q u i r e d  w i t h  numerous 
c o n t r a c t o r  e l e m e n t s .  Accord ing ly ,  i t  was deemed d e s i r a b l e  
t o  a g r e e  upon o p e r a t i o n a l  t i m e l i n e s  which p rov ided  a d e q u a t e  
t i m e  f o r  accompl i sh ing  t h i s  c o o r d i n a t i o n .  

The MSS o p e r a t i o n a l  t i m e l i n e s  o f  F i p r e  No. 1 2  
i n c l u d e  from 6 t o  2 6  minutes  con t ingency  t i m e .  These Dpera- 
t i o n a l  t i m e s  a re  r e f l e c t e d  i n  F i g u r e s  2 and 3 .  The c a l c u -  
l a t e d  move t i m e s  of  F i g u r e s  4 and 6 a r e  used  f o r  a l l  o t h e r  
a n a l y s i s  i n  t h i s  s t u d y .  

A . I . 1 3  F i g u r e  No. 13 - INFLUENCE OF LV C R Y 0  DISTANCE 
C O N S T R A I N T  (PERSONNEL SAFETY) O N  
MSS AND ESP TRANSPORTER TRANSFERS 
D U R I N G  L A U N C H  COUNTDOWN 

T h i s  f i g u r e  c o n t a i n s  p l o t s  of  MSS and ESP t r a n s -  
p o r t e r  l o c a t i o n s  v s  countdown "T" t i m e  as t h e y  a r e  b e i n g  
moved toward  t h e i r  r e s p e c t i v e  l a u n c h  l o c a t i o n s .  Shown are  
b o t h  t h e  nominal  move c a s e  and t h &  o p t i o n  o f  h o l d i n g  t h e  MSS 
a t  t h e  1350-foot  p o i n t  u n t i l  T-8 h o u r s .  

c r i t e r i a )  of  t h e  r e q u i r e d  minimum d i s t a n c e  t h a t  t h e  MSS ( f o r  
p e r s o n n e l  s a f e t y )  must b e  from t h e  SV as t h e  LV i s  b e i n g  
c r y o g e n i c a l l y  s e r v i c e d  d u r i n g  t h e  countdown. 

a r e v i s e d  t e c h n i q u e  which would d e l a y  t h e  MSS a t  t h e  pad 
r a t h e r  t h a n  a t  t h e  1350-foot p o i n t .  

Shown a l s o  a r e  p l o t s  ( p r e v i o u s  a s  w e l l  as  c u r r e n t  

Also  i n c l u d e d  a r e  p l o t s  r e f l e c t i n g  t h e  e f f e c t  o f  
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PLOT #1 - P l o t  #1 r e p r e s e n t s  t h e  minimum MSS t o  S V  
c o n s t r a i n t  d i s t a n c e  ( p r i o r  t o  Apol lo  9) as i t  changes  w i t h  
t h e  LV c r y o  c o n f i g u r a t i o n  d u r i n g  t h e  countdown. T h i s  a l l o w s  
p e r s o n n e l  i n v o l v e d  w i t h  t h e  MSS t o  f u n c t i o n  i n s i d e  t h e  nor -  
m a l l y  r e s t r i c t e d  b l a s t  danger  a rea  (7000-foot  r a d i u s )  as 
t h e  MSS i s  b e i n g  moved toward t h e  p a r k s i t e .  The e s t a b l i s h e d  
MSS c o n s t r a i n t  d i s t a n c e  beg ins  w i t h  850 r a d i a l  f e e t  a t  s t a r t  
of f a c i l i t y  LO2 l i n e  ch i l l down  and r ema ins  unchanged ( t h r o u g h -  
o u t  S-IVB and S- I1  LO2 l o a d i n g )  u n t i l  S-IC LO2 l o a d i n g  i s  
s t a r t e d .  The c o n s t r a i n t  d i s t a n c e  t h e n  i n c r e a s e s  s h a r p l y  as 
a d d i t i o n a l  LO 

PLOT # l a  - P l o t  # la  r e f l e c t s  t h e  change i n  LV c r y o  

and LH2 s e r v i c i n g  i s  accompl i shed .  2 

l o a d i n g  t imes e f f e c t i v e  f o r  Apol lo  9 and s u b s .  K S C  S a f e t y  
has concur red  w i t h  a l l o w i n g  LO2 f a c i l i t y  l i n e  cooldown t o  
commence 1 5  m i n u t e s  p r i o r  t o  comple t ion  of  pad c l e a r i n g .  
The c o n c u r r e n c e  i n c l u d e s  a s t i p u l a t i o n  t h a t  t h e  LUT, above 
t h e  z e r o  l e v e l ,  must be  c l e a r e d  of  a l l  p e r s o n n e l  p r i o r  t o  
f l o w i n g  LO2 up t h e  tower .  

of t h e  MSS as  i t  i s  b e i n g  moved (nominal  t i m e l i n e s )  toward 
t h e  p a r k s i t e  f rom Pad A .  As can  b e  s e e n ,  i t  e a s i l y  s a t i s f i e s  
a l l  c o n s t r a i n t  d i s t a n c e s .  T h i s  r e s u l t s  from MSS movement 
b e i n g  keyed t o  t h e  SC A / G  vo ice  checks  ( r e f .  S e c t i o n  5 . 1 ) .  

PLOT #2 - P l o t  #2 i n d i c a t e s  t h e  r e l a t i v e  p o s i t i o n  

PLOT # 3  - P l o t  # 3  p r o v i d e s  t h e  Pad B c o u n t e r p a r t  
f o r  P l o t  # 2 .  

PLOTS #2a and #3a  - These p l o t s  i n d i c a t e  t h e  e f f e c t  
o f  d e l a y i n g  t h e  MSS a t  t h e  1350-foot p o i n t  u n t i l  T-8 h o u r s .  
Although t h i s  approach  i s  comple te ly  f e a s i b l e ,  t h e  b e n e f i t s  
are  somewhat l i m i t e d  due t o  t h e  plywood i n s t a l l a t i o n  r e q u i r e -  
ment .  The o n l y  b e n e f i t  r e a l i z e d  from t h i s  t e c h n i q u e  i s  
s h o r t e r  MSS r e t u r n  t i m e s  f o r  c a s e s  where a v a i l a b l e  b u i l t - i n  
h o l d  t i m e  e x c e e d s  = 7 5  minu tes .  P l o t  5a o f  F i g u r e s  9 and 1 0  
i n d i c a t e s  t h e  a d d i t i o n a l  b e n e f i t s  - a v a i l a b l e  when d i s r e g a r d i n g  
t h e  plywood c o n s t r a i n t .  

PLOT #4 - P l o t  #4 shows t h e  l o c a t i o n  o f  t h e  ESP 
t r a n s p o r t e r  as i t  i s  moved toward i t s  l a u n c h  p o s i t i o n  
( - 6 0 0  f e e t  down t h e  pad r a m p )  d u r i n g  t h e  l a u n c h  countdown. 
The  movement of t h e  ESP t r a n s p o r t e r  i s  keyed t o  a c t u a l  MSS 
movement b u t  i s  moved a t  a s lower  speed t h a n  t h e  MSS. 
T r a n s f e r  o f  t h e  t r a n s p o r t e r  from t h e  pad t o  i t s  l a u n c h  
p o s i t i o n  r e q u i r e s  30 minutes  w i t h  a n  a d d i t i o n a l  30 minu tes"  
n e o e s s a r y  for s e c u r i n g  a c t i v i t y .  

*See n o t e  i n  F i g u r e  No. 1 2 .  
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PLOTS #5, #6, AND # 7  - P l o t s  5 ,  6 ,  and 7 o f f e r  a 
r e v i s e d  t e c h n i q u e  for h a n d l i n g  t h e  MSS and ESP t r a n s p o r t e r  
moves from t h e  pad d u r i n g  t h e  l a u n c h  countdown. Although 
t h i s  t e c h n i q u e  o f f e r s  some ve ry  d e s i r a b l e  and p e r h a p s  
s u b s t a n t i a l  b e n e f i t s  ( d i s c u s s e d  b e l o w ) ,  i t  a l s o  i n v o l v e s  
some n o n t e c h n i c a l  t r a d e o f f s  which would have t o  b e  e v a l u a t e d  
by KSC. T h e r e f o r e ,  t h e  f o l l o w i n g  s u g g e s t i o n s  a r e  b e i n g  
o f f e r e d  as "food f o r  t h o u g h t "  and n o t  as recommendat ions.  

The t e c h n i q u e  would c a l l  for t h e  f o l l o w i n g  changes :  

1. e l i m i n a t i o n  o f  t h e  open-loop SC A / G  v o i c e  
checks  frcm t h c  T-3 hozr 30 minute  t i m e -  
frame. 

2 .  move a l l  MSS r e l a t e d  f u n c t i o n s  ( b r e a k u p ,  
j a c k i n g ,  t r a n s f e r ,  e t c . , )  one hour  c l o s e r  
t o  T-0, h e n c e ,  s h o r t e n  t h e  e n t i r e  l a u n c h  
countdown. 

3 .  move t h e  b u i l t - i n  hold  p o i n t  from T-9 h o u r s  
t o  T-9 hour s  15 minutes  s o  t h a t  i t  i s  
s c h e d u l e d  c o i n c i d e n t  w i t h  i n i t i a t i n g  MSS 
t r a n s f e r . *  

4 .  p r o v i d e  p r o c e d u r a l  c a p a b i l i t y  t o  a l l o w  a 
real- t ime d e c i s i o n  t o  r e t a i n  t h e  MSS a t  t h e  
pad for a l l  or part  o f  t h e  unused b u i l t - i n  
h o l d .  

5 .  S t a r t  pad c l e a r i n g  a t  T-9 h o u r s  1 5  m i n u t e s  
i n s t e a d  of  T-9 hours  (would s t i l l  comple te  
a t  T-8 h o u r s ) .  

The b e n e f i t s  which c o u l d  be r e a l i z e d  from t h i s  
t e c h n i q u e  i n c l u d e :  

1. t o p o f f  of t i m e - c r i t i c a l - C S M  and LM c r y o g e n i c  
sys t ems  one hour  c l o s e r  t o  T-0 (countdown 
c o u l d  a c t u a l l y  be  s h o r t e n e d ) .  

2 .  a lmos t  immediate a c c e s s  t o  S C  and LV l o c a t i o n s  
t h r o u g h o u t  t h e  b u i l t - i n  h o l d .  

*The o r i g i n a l  i n t e n t  was t o  d e l a y  MSS t r a n s f e r  u n t i l  
T-9 h o u r s  b u t  s i n c e  LO2 f a c i l i t y  cooldown was r e c e n t l y  moved 
15 m i n u t e s  e a r l i e r ,  i t  was n e c e s s a r y  t o  c o n s i d e r  moving t h e  
b u i l t - i n  ho ld  back t o  c o i n c i d e  w i t h  t h e  MSS t r a n s f e r  t i m e .  



c 

BELLCOMM, I N C .  - A12 - 

3. reduced scrub-turnaround times f o r  scrubs 
occurring in the time-frame just prior to 
LV cryo servicing due to reduced MSS return 
times. 

4. reduced scrub-turnaround times since most 
scrub turnarounds would benefit from the 
one-hour reduction in countdown. 

5. start of pad clearing could be returned to 
a full 60 minutes prior to start of LO2 
facility chilldown. 

The technique is felt to be feasible based on the 
following rationale: 

1. The SC open-loop A/G voice checks which 
presently require personnel participation 
in the CM can be eliminated from the T-9 
hour 30 minute time-frame if the following 
statements are or can be made to be true. 

a. basic open-loop RF compatibility and 
capability is adequately proven during 
dry CDDT. 

b. existing c r  additional SC A / G  voice 
checks earlier in the countdown (open- 
loop from the MILA USB station to MSS 
repeater antennas/closed-loop RF 
from MSS antennas to SC antenna) provide 
basic launch readiness of all - communication 
modes. 

e. S-band open-loop checks can be accom- 
plished after the MSS departs the pad 
at T-9 hours 15 minutes since it is 
not necessary to have someone in the 
CM during this check. (This check and/ 
or one with the closeout o r  flight 
crews would provide final flight readi- 
ness of the S-band communications system.) 

d .  late VHF checks (open-loop) with the 
closeout crew and/or flight crew would 
provide final flight readiness of the 
VHF communication systems. 

2. The ESP transporter move timelines do not allow 
the ESP securing crew to exit the stipulated 
7000-foot blast danger area prior to commencing 
LO2 flow into the S - I V B .  There would be 
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a d e q u a t e  t ime ,  however,  to c l e a r  t h e  ESP 
s e c u r i n g  crew o u t s i d e  t h e  pad ga t e  b y  
T-8 hour s  and have them on t h e i r  way  
toward t h e  p a r k s i t e  b e f o r e  LO2 a c t u a l l y  
f l o w s  i n t o  t h e  LV (see F i g u r e  N o .  1 3 ) .  

S i n c e  t h e  a c t i v i t y  above would n o t  
expose t h e  ESP s e c u r i n g  crew to any g r e a t e r  
haza rd  l e v e l  t h a n  t h a t  p r e s e n t l y  judged  
a c c e p t a b l e  f o r  t h e  MSS crew,  i t  i s  t h e  
o p i n i o n  o f  t h e  a u t h o r  t h a t  w i t h  p r o p e r  
p r o c e d u r a l  c o n t r o l ,  t h i s  mode of  o p e r a t i o n  
cou ld  a l s o  be judged a c c e p t a b l e .  

3 .  The plywood removal crew would a l s o  neces -  
s a r i l y  be i n s i d e  t h e  7000-foot  b l a s t  danger  
a r e a  subsequen t  t o  s t a r t i n g  t h e  LO2 f a c i l i t y  
c h i l l d o w n .  It a p p e a r s  t h a t  t h i s  a c t i v i t y  
could  a l s o  b e  judged a c c e p t a b l e  s i n c e  t h e  
plywood crew would d e p a r t  t h e  pad ap ron  
a r e a  s h o r t l y  a f t e r  t h e  s t a r t  o f  c h i l l d o w n  
and would proceed  t h r o u g h  t h e  pad g a t e  p r i o r  
to any LO2 f low i n t o  t h e  LV i t s e l f  ( s e e  
F i g u r e  N o .  1 3 ) .  

A . I . 1 4  F i g u r e  N o .  1 4  - I N F L U E N C E  O F  PLYWOOD I N S T A L L A T I O N  ON 
ESP T R A N S P O R T E R  AND MSS R E T U R N S  
D U R I N G  S C R U B  T U R N A R O U N D  

It has a l r eady  been shown i n  F i g u r e s  9 and 1 0  t h a t  
plywood i n s t a l l a t i o n  c a u s e s  s i g n i f i c a n t  d e l a y  i n  r e t u r n i n g  
t h e  MSS to i t s  pad p o s i t i o n  subsequen t  to a s c r u b  d e c i s i o n .  
F i g u r e  No. 1 4  r e v i e w s  t h e  o r i g i n a l  r e l a t i o n s h i p s  between 
t h e  ESP t r a n s p o r t e r  and t h e  MSS as w e l l  as t h e  r e s u l t a n t  
t i m e l i n e s  a g r e e d  upon to p r e v e n t  any i n t e r f e r e n c e  between 
them.  Also shown i s  t h e  i n f l u e n c e  o f  plywood i n s t a l l a t i o n  
Upon b o t h  of  t h e i r  t i m e l i n e s .  

wood c o n s t r a i n t  w i l J  a l s o  be d i s c u s s e d  r e l a t i v e  to i t s  
e f f e c t  on F i g u r e s  9 ,  1 0 ,  and 1 4 .  

A p r o p o s a l  f o r  p o s s i b l e  e l i m i n a t i o n  of  t h e  p l y -  

P L O T  #1 - P l o t  #1 r e f l e c t s  t h e  minimum MSS r e t u r n  
t i m e l i n e  s t a r t i n g  a t  t h e  1350-foot  p o i n t  a t  t h e  comple t ion  
o f  t h e  s a f e t y  i n s p e c t i o n  ( d i s r e g a r d s  plywood i n s t a l l a t i o n ) .  
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PLOT #2 - P l o t  #2 i n d i c a t e s  t h e  nominal  r e t u r n  
t i m e l i n e  for t h e  ESP t r a n s p o r t e r  based on i t s  move p r e p s  
b e g i n n i n g  a f t e r  t h e  s a f e t y  i n s p e c t i o n  i s  comple t e .  N o t i c e  
t h a t  t h e  MSS would n e c e s s a r i l y  b e  de l ayed  s i n c e  it a r r i v e s  
a t  t h e  600-foot  p o i n t  b e f o r e  t h e  ESP t r a n s p o r t e r  has 
s t a r t e d  i t s  t r a v e l  up t h e  ramp. 

PLOT #3 - P l o t  #3 r e f l e c t s  t h e  nominal  ESP t r a n s -  
p o r t e r  move based on agreements  w i t h  K S C  S a f e t y  t h a t  i t s  
p r e p s  and a c t u a l  movement could  commence d u r i n g  t h e  s a f e t y  
i n s p e c t i o n .  T h i s  app roach  e n s u r e s  t h a t  t h e  ESP t r a n s p o r t e r  
w i l l  have t i m e  t o  be  comple t e ly  under  t h e  SV/LUT b e f o r e  t h e  
MSS a r r i v e s  at. the t o p  o f  t ,he pad .  

PLOT #4 - P l o t  #4 r e f l e c t s  t h e  MSS r e t u r n  t i m e -  
l i n e  as a r e s u l t  o f  d e l a y i n g  i t  f o r  t h e  plywood i n s t a l l a t i o n .  
Note t h a t  t h e  ESP t r a n s p o r t e r  and t h e  MSS no l o n g e r  i n t e r f e r e  
w i t h  e a c h  o t h e r ' s  r e t u r n .  

F i g u r e  No. 1 4  as w e l l  as F i g u r e s  9 and 1 0  p o i n t  o u t  
t h e  de lays  i n  r e t u r n  o f  t h e  MSS t o  t h e  pad which a r e  d i r e c t l y  
a t t r i b u t a b l e  t o  t h e  plywood i n s t a l l a t i o n  c o n s t r a i n t .  S i n c e  
i t  a p p e a r s  i m p r a c t i c a l  t o  c o n s i d e r  i n s t a l l a t i o n  o f  a perma- 
n e n t  mater ia l  t o  r e p l a c e  t h e  u s e  of  plywood,* t h e  a u t h o r  i s  
o f  t h e  o p i n i o n  t h a t  s u f f i c i e n t  f a c t s  now e x i s t  t o  w a r r a n t  
KSC's c o n s i d e r a t i o n  o f  e l i m i n a t i n g  t h e  plywood i n s t a l l a t i o n ;  
a t  l ea s t  f o r  t h o s e  sc rub- tu rna round  o p e r a t i o n s  where t h e  
t i m e  saved  might  be  of  utmost  impor t ance .  

The f a c t s  f o l l o w :  

a .  The C/T s t e e r i n g  sys tems a re  c u r r e n t l y  
s c h e d u l e d  f o r  m o d i f i c a t i o n s  which w i l l  
a p p r o x i m a t e l y  doub le  t h e  a v a i l a b l e  
s t e e r i n g  f o r c e .  It i s  f e l t  t h a t  t h i s  , 

i n c r e a s e  i n  s t e e r i n g  f o r c e  w i l l  b e  more 
t h a n  a d e q u a t e  t o  overcome t h e  C/T t o  
pad f r i c t i o n  wi thou t  t h e  a i d  o f  plywood 
and/or  soap .  The m o d i f i c a t i o n ,  however,  
w i l l  i n h e r e n t l y  r educe  t h e  s t e e r i n g  

* P r i o r  t o  t h e  u s e  of plywood, a spongy asphal t  t y p e  
mater ia l  ( P r o - s e a l )  had been a p p l i e d  t o  t h e  pad a p r o n .  T h i s  
i n  t u r n  was soaped t o  f u r t h e r  r e d u c e  t h e  f r l c t i o n  between 
t h e  C/T and t h e  c o n t a c t  s u r f a c e .  It was found a f t e r  t h e  
A p o l l o  4 l a u n c h  t h a t  t h e  s u r f a c e  was damaged s u f f i c i e n t l y  
(by  t h e  l a u n c h  env i ronmen t )  t o  w a r r a n t  i t s  r emova l .  It was 
f e l t  t h a t  r e f u r b i s h m e n t  o f  t h e  pad w i t h  new P r o - s e a l  mater ia l  
a f t e r  e a c h  l a u n c h  would be i m p r a c t i c a l .  
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r e s p o n s e  t i m e  (how f a s t  you can  d r i v e  t h e  
s t e e r i n g  t o  a des i red  a n g u l a r  p o s i t i o n )  
which,  i f  n e c e s s a r y ,  can  b e  compensated 
f o r  b y  . reducing t h e  C/T t r a v e l  speed  
where e x t r e m e l y  t i g h t  maneuvering* i s  
r e q u i r e d .  

b .  Ex tend ing  t h e  C/T g u i d e  s t r i n g  f a r t h e r  
down t h e  ramp would a l l o w  more a c c u r a t e  
p o s i t i o n i n g  of t h e  C/T t o  be  accom- 
p l i s h e d  p r i o r  t o  r e a c h i n g  t h e  t o p  o f  
t h e  pad .  T h i s  would r e l i a b l y  r e d u c e  
t h e  amni-mtr. of manelivering n e c e s s a r y  d u r i n g  
t h e  l a t t e r  p a r t  of  t h e  MSS t r a n s f e r .  

c .  The e r r o r  i nvo lved  w i t h  f i n a l  p o s i t i o n i n g  
o f  t h e  C/T once it  r e a c h e s  t h e  l e v e l  p a r t  
of  t h e  pad cou ld  b e  f u r t h e r  minimized b y  
d e c r e a s i n g  t h e  C/T t r a v e l  speed  d u r i n g  
f i n a l  p o s i t i o n i n g .  T h i s  would add ve ry  
l i t t l e  t i m e  t o  t h e  t o t a l  move compared t o  
t h e  s a v i n g s  which would r e s u l t  f rom e l i m i n a t i o n  
o f  t h e  plywood. 

d .  Soaping  t h e  pad d i r e c t l y  ( c o n c r e t e  and /o r  
g r a t i n g )  cou ld  p o s s i b l y  r e d u c e  t h e  f r i c t i o n  
enough t o  war ran t  i t s  c o n s i d e r a t i o n  i f  t h e  
KSC asses smen t  r e v e a l s  i t  t o  be b e n e f i c i a l .  

It i s  u n d e r s t o o d  t h a t  t h e  p r imary  i t e m  of  c o n c e r n  
would b e  t h e  p o s s i b l e  damage t o  t h e  pad and /o r  C/T shou ld  a 
C/T shoe g e t  snagged on any p r o t u b e r a n c e s  from t h e  pad s u r -  
f a c e  d u r i n g  t i g h t  maneuvering.  
t h a t  a combina t ion  of  ( b )  and ( c )  above c o u l d  e l i m i n a t e  
t h e  c o n c e r n  o v e r  t i g h t  maneuvering.  

The a u t h o r  a n t i c i p a t e s  

A d d i t i o n a l l y ,  i t  might  b e  p o s s i b l e  t o  t a k e  c o r -  
r e c t i v e  a c t i o n  on any pad p r o t u b e r a n c e s  de t e rmined  t o  be  o f  
c o n c e r n .  The c o r r e c t i v e  a c t i o n  might  t a k e  t h e  form o f  
removing,  g r i n d i n g ,  f i l l i n g ,  e t c . ,  or even  i n s t a l l i n g  a 
l i m i t e d  number of plywood s h e e t s  o v e r  t h e  area i n  q u e s t i o n .  

* D r i v i n g  t h e  s t e e r i n g  mechanism t o  a s i g n i f i c a n t l y  d i f -  
f e r e n t  a n g u l a r  p o s i t i o n  w h i l e  t h e r e  i s  r e l a t i v e l y  l i t t l e  
forward o r  backward motion o f  t h e  C/T.  
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